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Prototype  production  processes  have  been  demonstrated  feasible 
for  preparation  of  glass  flake  resin  premixes  and  subsequent 
fabrication  of  parts  by  compression  molding,  transfer  molding, 
calendering  and  centrifugal  casting.  Laminates  have  exhibited 
physical  properties  in  most  instances  superior  to  reported 
characteristics  of  many  glass  reinforced  premixed  systems. 

Processing  premised  systems  by  either  compression  molded  pre¬ 
forms  (dry  blor.'ja)  or  calender  orientation  (wet  blends)  yields _ 

laminates  havina  excellent  appearance,  free  of  voids,  wrinkles, _ 

opalescent  a  re*  a:,,  disoriented  areas,  and  other  visible  flaws. 
Preforms  of  dry  blends  can  be  compression  molded  into  simple 
shapes  which  retain  the  properties  of  the  preform*  calender 
oriented  sheets  can  be  compression  molded  or  centr ifugally 
caBt  into  more  complex  shapes  with  equal  results.  Investiga¬ 
tions  of  variables  to  determine  factors  influencing  physical 
properties  resulted  in  major  efforts  in  screening  of  commercially 
available  resin  systems,  and  detailed  studies  of  flake  size 
breakdown  during  processing. 

Economic  and  reproducible  methods  for  premix  preparation  were 
developed  based  on  the  use  of  an  Abbe  blender  for  wet  mixeB  and 
a  ratterson-Knlley  V  blender  for  dry  materials.  Other  techniques 
investigated  bvst  less  satisfactory  were  plenum  chamber  coating, 
solvent  coating  and  centrifugal  blending.  Processing  techniques 
of  extrusion,  rotational  molding  and  two  roll  milling  were 
demonstrated  impractical  for  processing  glass  flake  resin  premixes, 

Resin  classes  investigated  Included  epoxies,  polyesters,  phenolics 
and  silicones.  Epoxy  and  polyester  resins  are  readily  mixed  and 
processed  to  complex  shapes.  Strength  and  visual  characteristics 
of  the  epoxy  systems  were  superior  to  polyester  laminates.  Phenolic 
and  silicone  resins  produced  poor  appearing  or  uncured  moldings. 

Seven  complex  shapes,  including  missile  fins,  ablative  nose  cones, 
Davy  Crockett  nose  cones,  practice  windshields,  exhaust  noz2les, 
electronic  gates  and  electronic  circuit  frames  were  molded  success¬ 
fully  in  production  equipment  from  50%  and  70%  glass-epoxy  resin 
premixes,  and  50%  glass-polyester  resin  premixes. 
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FOREWORD 


This  Final  Technical  Engineering  Report  covers  the  work  .per for med_ 
under  Contract  AF  33 ( 600) -41Q85  from  8  October  1960  to  7  June  1962 
The  manuscript  was  released  by  the  author  13  July  1962  for  publi¬ 
cation  as  an  ASD  Final  Technical  Engineering  Report. 


This  contract  with  Olin  Mathieson  Chemical  Corporation,  New  Haven, 
Connecticut,  was  initiated  under  Manufacturing  Methods  Project 
7-788,  "Development  of  Manufacturing  Methods  for  Glass  Flake 
Reinforced  Plastics".  It  was  accomplished  under  the  technical 
direction  of  Mr.  Dorsie  C.  Harleman  of  the  Chemical  Engineering 
Branch  (ASRCTC) ,  Manufacturing  Technology  Laboratory,  Aero¬ 
nautical  Systems  Division,  Wright-Patterson  Air  Force  Base,  Ohio. 


Mr.  J.  J.  Aclin  was  the  Project  Engineer  in  charge  of  the  program 
at  Olin  Mathieson.  Others  involved  in  tne  Research  of  the  program 
are  A.  D.  Snyder,  L.  J,  Klahs,  and  F.  E.  Manemeit. 


This  project  has  been  carried  out  as  a  part  of  the  Air  Force 

basis  manufacturing  processes.,  techniques^  andIeguipmftnt1l^ryuss  - 
in  economical  production  of  vsnr  materials  and  components.  Tne 
program  encompasses  the  following  technical  areas t 


Rolled  Sheets,  Forgings,  Extrusions,  Castings,  Fiber  and 
Powder  Metallurgy  Component  Fabrication,  Joining,  Forming, 
Materials  Removal  Fuels,  Lubricants,  Ceramics,  Graphites, 
Non-metallio  Structural  Materials  Solid  State  Devices, 
Passive  Devices,  Thermionic  Devices, 


Your  comments  are  solicited  on  the  potential  utilization  of  the 
information  contained  herein  as  applied  to  your  present  or  future 
production  programs.  Suggestions  concerning  ^dditiohal  Manufactur¬ 
ing  Methods  development  required  on  this  or  other  subjects  will 
be  appreciated. 


***************************************************** ************* 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


Drlor.ol, 


Chief,  Manufacturing  Technology  Laboratory 
Directorate  of  Materials  and  Processes 
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I.  Introduction 


—  -A, Lrcraft-and' space-hardware" requirements  demand  structural 
materials  possessing  high  tensile  strength,  low  density  and  a 
high  flexural  modulus,  Further,  a  significant  retirement  is 
that  these  properties  be  nearly  equal  in  all  directions. 

Glass  flake  reinforced  laminates  possess  high  flexural  modu¬ 
lus  which  is  approximately  proportional  to  the  glass  content. 

The  tensile  strength  to  weight  ratio  of  these  laminates  is  equal 
to  or  higher  than  most  other  structural  materials.  These  factors, 
together  with  the  nature  of  glass  flake-resin  mixtures,  led  to 
the  determination  of  the  feasibility  of  processing  mixtures  and 
fabrication  of  complex  shapes  using  automatic  machinery,  rather 
than  hand  fabrication,  which  is  the  general  method  for  preparing 
glass  cloth  reinforced  structural  plastics.  » 

Early  studies  of  glass  flake  laminates  indicated  major  diffi¬ 
culties  in  obtaining  sound  structural  pieces  would  be  encountered 
with  incomplete  wetting  or  coverage  of  glass  flake  by  the  resin,"* 

-  di¥<»4enfea  feion  of  the  flaks ,  and  -  non-un-if  r  of  -  distribution . — 

Through  carefully  controlled  experimentation,  techniques  were 

which  overcame  all  of  these  shortcomings .  ft  new  vari¬ 
able,  the  non-uniformity  of  glass  flake,  and  its  degradation  of 
particle  size  through  processing  appeared  as  the  major  contribu¬ 
ting  factor  to  high  strength  in  laminates  prepared  using  commer¬ 
cially  available  resins.  While  two  processes  having  commercial 
potential  were  developed  for  fabrication  of  end  items  without 
additional  flake  degradation,  the  breakage  experienced  in  preparing 
flake  resin  premixes  controlled  the  ultimate  strength  of  the 
laminate. 

This  study  concerned  itself  with  the  relative  value  end  use¬ 
fulness  of  epoxy,  polyester,  phenolic  and  silicone  resin  classes 
as  binders  for  glass  flake.  Most  systems  were  evaluated  at  50% 
and  70%  glass  contents.  Processing  techniques  investigated 
included  mixing  by  Abbe  blending,  dry  (Patfeeraon-Kelley)  blending, 
plenum  chamber  spraying,  solvent  coating  and  two  roll  milling. 
Fabrication  processes  included  compression,  transfer  and  rotation¬ 
al  molding,  calendering,  extrusion,  injection  molding  and  cen¬ 
trifugal  casting. 


2. 


From  the  investigations,  development  effort  and  prototype 
production  process  demonstrations  undertaken,  it  is  concluded 
-that : - ; - - — - - 


1.  Epoxy  resins  produce  superior  premixes  and  are  capable  of 
being  fabricated  into  useful  complex  shapes  by  some  conven¬ 
tional  plastic  processing  techniques^ 

2.  Polyester  resins  can  be  premixed  equally  as  well  as  epoxy 
systems,  however  laminates  in  general  have  poor  visual  char¬ 
acteristics  and  lower  strength. 

3.  Phenolic  systems  yield  poor  laminates  as  a  result  of  excessive 
blistering. 


4.  Silicone  resin  cure  cycles  are  difficult  to  control  and  too 
lengthy  for  economic  processing, 


1,  Premises  may  be  prepared  economically.  and  wi t$v . f ep i le  proces¬ 
sing  using  either  an  Abbe  blender  for  wet  premixes  or  a 
Patterson-Kelley  V  blender  for  dry  mixes. 


2.  Other  mixing  techniques  are  cumbersome,  yield  inadequate  flake 
wet  out,  excessive  flake  breakdown,  and  are  more  costly  to 
operate  and  maintain. 


3.  All  mixing  techniques  investigated  result  in  significant  re¬ 
duction  in  the  size  or  the  glass  flake.  This  breakdown 
constitutes  a  major  hindrance  to  obtaining  high  strength 
laminates  using  conventional  resins  and  processing  techniques. 


1.  The  roller  calendering  process  for  orienting  flakes  prior  to 
molding  permits  consideration  of  the  feasibility  of  glass 
flake  laminates  in  a  wide  variety  of  end  products  including 
ablative  heat  shields  a3  well  as  radomes,  printed  circuit 
boards,  and  other  items  requiring  unusual  dielectric  proper¬ 
ties. 


2.  Standard  production  processes  of  compression  and  transfer  mold 
ing  yield  complex  shapes  from  glass  flake  premixes  without 
process  difficulty.  These  articles  have  strengths  superior  to 
those  fabricated  from  most  commercially  available  premix  ma¬ 
terials. 


3.  A  centrifugal  casting  process  shows  promise  for  a  wide  range 
of  cyiindrically  shaped  objects. 


4.  Roller  calendering  and  centrifugal  casting  do  not  appear  to 
cause  additional  glass  flake  degradation  over  that  resulting 

- from-mixing* - - - - — - - - 

5.  -Additional  glass  flake  breakdown  is  experienced  in  compression 

and  transfer  molding  of  unoriented  premixes. 

■i  .  - 

6.  A  process  iox  wetting  out  glass  flake  without  degradation, 
combined  wfith  a  part  fabrication  technique  based  on  calender¬ 
ing  or  centrifugal  casting,  is  expected  to  yield  physical 
properties  considerably  higher  than  obtained  in  these  studies. 

7.  Glass  flake  premixes  do  not  perform  satisfactorily  in  extrusion, 
injection  molding,  rotational  molding  or  two-roll  milling 
operations.  Unuseable  objects  were  produced  during  experimental 
studies. 
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Calender  oriented  sheet,  either  wet  or  B-staged,  should  be 
adaptable  to  vacuum  bag  and  pressure  bag  molding  as  wall- as 
compress ion  molding  and  centrifugal  easting  as  demonstrated 


Fhyiiaa  -  -  ■  v.. 

1,  Using  commercially  available  resins,  stranghs  of  laminates  pro¬ 
duced  in  this  program  did  not  maet  the  target  specifications. 

2,  Low  strengths  were  attributed  exclusively  to  the  breakdown 
in  glass  flake  size  resulting  from  processing. 

3,  New  resins  and  processss  which  do  not  causa  reduction  of  flake 
size  are  expected  to  yield  laminates  having  higher  strengths 
than  target  specifications. 


4. 


III.  Phase  I  -  Literature  Survey 


111,1.  Summary  of  Prior  Art 


A  comprehensive  survey  of  the  literature  relative  to  the  use 

of  glass  flake  in  tha_fabricatlon  _of  _ra inf orced-plastic  laminates - — ■ 

was  made  prior  to  initiating  laboratory  and  pilot  plant  studies. 

The  use  of  flake-glass  reinforced  laminates  has  the  potential  of 
high  modulus,  uniform  strength  in  all  directions,  low  moisture 
permeability  and  higher  glass  loadings  than  the  common  fiber  glass 
and  glass  cloth  reinforced  laminates.  Tensile  strengths,  however, 
are  much  poorer  than  ih  fiber  glass  and  glass  cloth  laminates. 

They  range  to  a  maximum  of  29,000  psi. (7) 

Of  the  various  resin  systems  investigated,  epoxy  resin  binders 
were  reported  to  be  the  most  satisfactory*  i.e,,  to  have  the  high¬ 
est  strength  properties.  Phenolic,  polyester  and  silicone  resins 
ware  all  comparatively  inferior  to  the  epoxy  systems. 


Further  refinement  in  optimizing  strength  properties  of  flake 
reinforced  laminates  generally  appeared  to  lie  in  the  following 
approaches!  (3),  (8),  (7),  (6) 


TrrPrepar&tlon 


b.  Absence  of  absorbed  or  included  ait  bubbles. 

c.  Perfect  parallelism  of  flakes  within  the  laminate, 

d.  Accomplishment  of  a  constant  and  minimum  resin  binder  thick- 
nesB  (less  than  60  microns)  combined  with  a  complete  wetting 
of  flakes  by  the  resin.  (At  high  binder  thicknesses,  resin 
failures  alone  have  been  noted.  Decreasing  this  thickness 
allows  increased  contribution  of  Btress  acceptance  by  the 
flake  glass  which  possess  very  high  tensile  strength.) 


c.  Use  of  a  glass  flake  of  predetermined  size  or  diameter  to 
thickness  ratio  (generally  agreed  to  be  400-1000). 

£.  Use  of  low  shrinkage  resins. 


III. 2.  Background 

A  continued  interest  within  the  military  for  reinforced  plastic 
structural  materials,  led  to  the  investigation  of  flake  glass  as 
a  reinforcing  material  principally  because  a  higher  strength  to 
weight  ratio  is  conceivably  possible.  In  addition,  a  glass  flake 
in  a  composite  can  theoretically  provide  a  multi-directional 
stress  acceptance  as  opposed  to  a  glass  fiber  or  a  glass  fabric 
composite  having  only  uni-  and  bi-directional  strengths 
respectively,  (3) 


. . 1 

J 

""1 
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A  higher  modulus  of  elasticity,  due  to  fewer  degrees  of  free¬ 
dom,  could  also  be  expected  from  a  glass  flake  reinforced  laminate. 
Furthermore,  size  considerations  allow  a  higher  loading,  or  weight 
of  glass  flake  per  unit  volume  of  laminate,  which  theoretically 
could  result  in  higher  strength  propertiea_of_„the. .laminate.. _ 

"  Tests  have  shown  that  the  flake  glass  laminates  are  extremely 

good  barriers  for  preventing  diffusion  of  water  and  solvent  vapor 
(almost  as  effective  as  aluminum  foil) .  (6) 

Considering  mentioned  properties,  applicability  of  this  ma¬ 
terial  is  extensive.  Suggested  military  applications  are: 

a.  Rocket  exhaust  nozzles. 

b.  Rocket  cases. 

c.  Rocket  fins, 

d.  Aircraft  and  missile  radomes. 

e.  Moisture  barrier  and  corrosion-resistant  coatings. 

HI.  3.  Synopsis 

III. 3.. !,♦  „ .flake  Manufacture  U> (2)  (3)  1  . . 

rlakc  glass  have-  cv&Krsa  mar  ~ . 

Emhart,  Armour  Research  Foundation  Linden  Laboratories,  and  Owen- 
corning  Fibergias  corporation.  The  methods  developed  by  ErtKsrt 
consist  of  stretching  molten  glass  into  a  film  having  inclined  axes 
rolling  glass  beads,  glass  tape;  blowing  extruded  ribbons  of  glass, 
and  drawing  tape  from  a  lip.  Narmco  used  techniques  of  feeding 
fiber  glass  into  a  flame  to  develop  molten  beads  and  subsequently 
rolling  them  into  thin  discs.  Armour  experimented  with  blowing 
bubbles  from  molten  tubing?  flame  spraying  frit?  and  "enameling" 
glass  on  various  surfaces.  Linden's  procedure  consisted  of  blow¬ 
ing  glass  tubing.  The  method  adopted  by  Owens-Corning  was  the 
blowing  of  bubbles  in  molten  tubing  and  crushing  the  bubbles  into 
flakes.  This  method  was  predominantly  successful  although  it  pro¬ 
duced  a  variety  of  flake  shapes.  These  flakes  had  varying  dia¬ 
meters,  irregular  notched  edges,  and  a  slight  curvature  since  they 
were  farmed  from  a  curved  surface. 

The  strength  of  formed  glass  flakes  and  glass  ribbons  varies 
inversely  with  the  thickness.  Individual  glass  ribbons  of  two- 
micron  thickness  have  yielded  a  tensile  strength  of  over  200,000 
psi.  (2) (3) (7) (8) 

111.3.2.  Resin  Premix  -  Process  Techniques  (1)(3)(6)(7) 

Mixing  and  wetting  the  glass  flake  with  the  desired  resin 
binder  is  the  major  problem  in  the  fabrication  of  laminates.  This 
has  been  accomplished  by: 

1.  Hand  kneading  in  a  polyethylene  bag. 
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2.  Mixing. in  an  electric  "kitchen"  type  mixer  (some  reduction 
of  make  size). 

3 .  Spraying  aerated  flakes  in  a  chamber  followed  by  molding f--or. - 

B- stag i hg'  f 6 lTowecT ’by  molding. 

4.  Dry  blending  powdered,  catalyzed  and  uncatalyzed  resins  fol¬ 
lowed  by  molding. 

5.  Compounding  a  premix  on  a  differential  two-roll  mill  (reduc¬ 
tion  of  flake  size) . 

6.  Mixing  the  composite  in  a  Baker-Perkins  mixer  (appreciable 
reduction  of  flake  size). 

7.  Centrifugal  resin  and  glass  flake  to  form  a  composite. 

Methods  1,  and  3-7,  inclusive,  had  been  performed  by  Olin 
Mathieaon  in  work  pursued  prior  to  the  award  of  the  subject  con¬ 
tract, 

— ... - Problems  that  -have  beetr  recurrent  with"  most'  f ftbr icaitpr¥ 

.  .laminates  -have  -teem - - - - . . .  . .  . . 

1.  Air  bubbles  in  laminates . 

2.  Insufficient  coverage  of  glass  flake  with  resin, 

3.  Non-parallelism  or  misorientntion  of  individual  glass  flakes 
in  the  laminate, 

4.  Variation  of  resin  binder  thickness. 

5.  Accurate  control  of  glass  content  in  final  laminate. 
u?.JLua..-..  laminate  ifcftRg-stivga, 

strength  properties  of  laminates  have  been  reported  to  be  fa*» 
vorably  affected  by  a  flake  having  a  high  ratio  of  diameter  to 
thickness.  Laminates  prepared  from  classified  mixtures  of  glass 
flake  (-10  mesh  +50  mesh)  have  shown  higher  tensile  strength. 

Some  data  are  anomalous,  as  those  in  a  report  of  work  performed  at 
N arm co  (October  I960,  Quarterly  Report  #2,  Contract  AF  33(616)- 
7195)  which  showed  that  tensile  strength  of  flake  reinforced 
laminates  composed  of  flakes  with  average  diameters  of  200-4,000 
n<icron9  had  no  relationship  to  flake  size. 

Ideally,  a  flake  having  a  perfectly  uniform  diameter  and  thick 
ness  with  completely  parallel  edges,  and  no  included  strain  or 
surface  flaws,  would  be  desired  for  use;  however,  no  such  material 
has  been  produced.  Surface  treatments  to  anneal  f lav/s  or  to  etch 
flakes  have  resulted  in  poor  laminates.  Heat-treated  glass  shows 
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some  evidence  of  improving  laminate  strengths  although  more  work 
is  required  to  prove/this  system.  Surface  treatments  of  glass 
flake  with  bonding  jigents  have  not  materially  affected  the  proper¬ 
ties  of  laminate  made  with  epoxy  resins.  Data  on  surface  treat¬ 
ments  of  glass  flake  with  bonding, age.nts„f or— use-with-other-resln - 

“systems  (polyester,  silicone,  phenolic)  are  limited  and  generally 
appear  to  indicate  a  deleterious  effect  on  laminate  strength. 

•  /  / 

Epoxy  resin  binders  combined  with  polhmide  gave  the  best 
strength  characteristics  of  flake-reinforced  composites.  The  strong 
polar’ adhesion  of  epoxy  resin  functional  groups  to  the  hydroxyl 
groups  of  the  glass  flake  ia  obviously  important  in  this  well  known 
wetting  action  of  epoxy  resins  with  glass.  Epoxy  resins,  when 
warmed,  gave  low  viscosity  materials  which  had  the  besti  wetting 
characteristics.  Strengths  obtainable  with  epoxy-typa  jfcesin  binders 
were:  (7)  ..  -  -  -  |  - 

1.  26,000  psi  max.  tensile  strength  ^ 

2.  54,000  psi  max.  compressive  strength 

3.  47,000  psi  max.  flexural  strength  . . . 


to 

Phenolic  and  silicon#  rssin  binders  had  an  added  disadvantage, 
namely  that  of  formation  of  volatile  material  during  curing.  (1 ) (7 ) 


epoxy  systems . 


rTiTT  iTF'wre^riiJliHor' 


Diallylphthalate  resin  binders  used  did  not  cure  suffici¬ 
ently.  (6) 

figafijjifljaat 

The  glass  flake  reinforced  laminate  has  exhibited  higher 
modulua  properties  than  common  reinforced  laminates.  The  tensile 
strength  of  the  prepared  samples  are  relatively  poor  (a  maximum 
of  29,000  psi).  Most  of  the  work  has  been  performed  with  epoxy 
resin  binder  systems. 

The  potential  of  this  novel  reinforcement  cannot  be  fully 
realised  or  evaluated  because  of  major  mechanical  processing  limi¬ 
tations  in  the  present  state  of  the  Art.  Crude  blending  techniques 
used  to  coat  glass  flake  with  resin  have  all  exhibited  serious 
shortcomings  which  have  resulted  in  major  decreases  in  laminate 
physicals.  Molding  parameters  were  relatively  unknown  and  all 
empirical  in  nature. 


The  laminates  tested  have  generally  been  of  poor  quality  and 
therefore  data  obtained  has  been  considered  to  be  a  value  which 
can  be  surpassed.  Almost  all  tensile  specimens  have  exhibited  a 
tendency  to  fail  at  a  fault  or  imperfection  in  the  laminate. 
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IV,  Phast  II  Investigation  of  Production  Methods 


XV. 1.  Background 


_ ln_establishing__the— techrtQ-economic-_fea3ibility..-of  -produce - — — — 

tion  methods  for  glass  flake  reinforced  laminates,  Phase  IX  of 
the  contract  was  devoted  to  experimental  and  pilot  plant  studies 
of  mixing  and  fabrication  techniques*  These  investigations  were 
carried  on  throughout  the  contract  period,  concurrent  with  and 
in  succession  to  Phase  XXI,  "Fabrication  of  Selected  Samples." 

Major  problems  concerned  with  visual  appearance  of  early  speci¬ 
mens,  and  low  strengths  of  laminates,  led  to  extensive  investi¬ 
gations  of  variables  and  corrective  actions. 

-  ..  V  .  _  j 

Discussion  pertinent  to  work  performed  in  Phase  IX  has  been 
divided  into  five  subsections  as  follows i 

1.  Cast  Resin  Systems 

2.  Blending  Techniques 

3.  Premix  Processing 

4.  Molding  Techniques  . 

5.  Characteristics  of  Processed  Glass  Flake  _ _ _ J 

"iy.T  £ V 

cast  He  sin  systems  . 

Investigations  of  unreinforced  resin  systems  were  made  to  se¬ 
lect  candidates  offering  the  greatest  potential  compatability  with 
glass  flake  in  fabrication  of  high  strength  laminates.  A  total  of 
51  epoxy  systems,  11  polyester  systems,  15  phenolic,  and  9  silicone 
resins  were  screened.  In  these  studies  the  obvious  superiority  of 
epoxy  systems  was  noted  which  led  to  the  use  of  this  resin  type 
for  process  screening  studies. 

Blending  Techniques 

Methods  studied  in  efforts  to  produce  high  quality  glass  flake 
resin  mixtures  included  Abbe  mixing,  dry  blending,  plenum  chamber 
and  solvent  coating,  two-mill  coating  and  centrifugal  mixing.  Af¬ 
ter  exhaustive  studies,  Abbe  mixing  was  selected  as  a  reproducible 
process  for  making  wet  resin  blends,  and  a  Patterson-Kelley  V 
blender  was  determined  to  be  adequate  for  dry  resin  mixtures  con¬ 
taining  glass  flake. 

Premix  Processing 

Early  experimentation  demonstrated  the  need  for  development 
of  premolding  processing  to  eliminate  flaws  in  laminates  resulting 
from  molding  bulk  premixes.  Dielectric  heating,  extrusion,  injec¬ 
tion  molding,  compression  molding  and  calendering  were  investigated 
as  methods  for  preform  preparation.  The  most  successful  technique 


lUi;  i 
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deva.lopad  was  bn  sod  on  tho  calendar  ing  operation  in  which  glass 
flake  was  oriented  without  degradation  of  particle  sire.  Promixes 
could  be  processed  into  either  wet  or  B-staged  sheets  throughout 
this  process. 

— Molding-1 Techniques. - - 

Detailed  pilot  studies  of  molding  processes  included  investi¬ 
gations  and  evaluations  of  compression  and  rotational  molding  as 
well  as  centrifugal  casting.  Experience  with  compression  molding 
led  to  tho  decision  to  study  molding  in  production  equipment. 

While  both  compression  and  transfer  molding  proved  adaptable  with 
bulk  premixee,  superior  laminates  were  obtained  from  calendered 
sheets  processed  by  compression  molding  and  centrifugal  casting. 

Characteristics  of  Processed  Glass  Flake 

Evaluation  of  laminate  properties  indicated  variables  other 
than  orientation  of  flake  and  resin  thickness  to  bo  limiting.  A 
comprehensive  investigation  of  glass  flake  particle  size  reduc¬ 
tion  demonstrated  a  controlling  influence  on  ultimate  laminate 
strength.  Fabrication  techniques  (calendering  and  centrifugal 
casting)  were  developed  which  contributed  negligible  breakdown; 
however .  the  process  of  Abba  mixing  flake '  and  reaihproduceifi  sa¬ 
ver®  'dig radatlbn .  '  • 

UmIm _ ffe.taU  . 

_ .gaaA.Jlfi.sln.  JyflAama. 

Resin  systems  from  epoxy,  polyester,  silicone  and  phenolic 
classes  were  screened  with  emphasis  being  placed  on  systems  having 
inherent  high  strength.  The  epoxy  resins  having  shown  the  most 
promise  in  the  paBt  for  high  strength  glass  laminates,  were  se¬ 
lected  for  most  initial  process  studies.  The  hardener  systems 
were  chosen  with  the  blending  technique  and  the  final  fabricating 
mode  in  mind.  Viscosity,  pot  life,  and  the  exothermic  nature  of 
the  curing  cycle  were  also  considerations. 

In  all  caseB,  choice  of  resin  systems  and  formulations  were 
restricted  to  solventless  systems  because  of  known  impermeability 
of  the  glass  flake  in  the  final  laminate,  which  causes  extreme 
difficulty  in  removal  of  mechanically  bound  solvent  molecules 
during  curing  cycles. 

A  summary  of  cast  resin  systems  that  were  tested  is  presented 
in  Table  1. 

Tho  curing  agents  considered  have  been  of  several  types? 

a.  Catalytic  (i.e.  promoting  self-polymerization  of  the 
rosin) . 


b. 


Poly functional  curing  agents  (active  hydrogen  of 
curing  agent  reacts  or  odds  to  epoxide  ring  of 
renin)  . 


1.  Aliphatic  polyamines 

2.  Mod  jfiod.al  ipha.ti  c_polyamine  3 - 

3.  Aromatic  polyamines 

4".  Anhydrides  and  polyfunctional  acids 


The  boron-trifluoride  monoethylamine  (BF3MEA)  complex  was 
chosen  because  it  imparted  long  pot  life  to  the  resin  used.  Dif¬ 
ficulty  was  experienced  in  the  curing  of  the  BF3-MEA  systems. 

Other  catalytic  curing  agents  gave  too  short  a  pot  life  at  room 
temperature.  Type  bl  agents  were  neglected  for  the  same  reason. 

Type  b2,  modified  aliphatic  polyarninea,  also  have  short  gal  time. 
However,  a  commercially  available  polyamide,  Versamid  115,  was 
evaluated  and  showed  interesting  elastic  properties.  m-Phenylene 
diamine,  type  b3,  has  been  used  extensively  because  it  imparts 
good  physical  properties.  Additionally,  it  formed  B-stage  resins 
with  good  stabilities.  Hexahydrophthalic  anhydride,  type  b4,  offers 
an  excellent  pot  life  and  retention  of  physical  properties  at 

elevated  temperatures,  as  do  moat  of  the  anhydrides  and  polyfunc-  . 

- 1 ionai  acids; .  . .  *'• .  .  -•  •" , 

JSpoxy  resins  chosen  vary  in  chemical  structure,  molecular 
weight  and  epoxide  equivalent  weight  from  the  di-glycidyl  ether 
of  bis-phenol  to  di-epoxide  structure. 

Testing  on  cast  epoxy  resins  and  all  others  presented  here 
has  been  in  accordance  with  current  ASTM  Standards. 

The  formulation  studies  conducted  were  used  as  an  aid  in 
screening  out  resins  having  too  low  a  tensile  strength  and  brittle¬ 
ness  oombined  with  poor  wetting  factors  as  evidenced  by  high  vis¬ 
cosity,  and  high  surface  tension. 

Peroxide  catalysts  wore  predominantly  used  for  polyester  sys¬ 
tems.  Benzoyl  peroxide  was  used  because  of  its  long  pot  life  at 
room  temperature.  Other  catalysts  such  as  methyl  ethyl  ketone 
peroxide,  ditertiary  butyl  peroxide,  (low  temperature  catalysts) 
were  also  evaluated.  Polyester  resins  chosen  are  standard  styrene- 
modified,  unsaturated  resins,  (i.e.  the  polyester  produced  from 
reaction  of  maleic  anhydride  and  diethylene  glycol). 

Dicumyl  peroxide  is  an  acceptable  curing  agent  for  the  chosen 
silicone  systems.  The  Dow-Corning  resins  chosen  were  the  recently 
developed  solventless  resins. 

Jlcxamethylene  tetramine  is  used  as  a  standard  catalyst  with 
phenolic  formulations.  However,  very  few  phenolics  are  prepared 
commercially  as  solventless  systems.  One  such  solvcntless  system 
was  obtained  from  Union  Carbide  Chemicals  Company.  Strong  exo¬ 
thermic  curing  and  overcuring  were  observed  combined  with  a  short 
pot  life. 


IV, 3. 1.1.  Discussion  of  Rosin  Testing 


Table  1  presents  the  physical  properties  of  rosin  systems 

which  were  tested.  The  resins  were  prepared  with  the  desired _ 

hardener"  system '  In^ccwllance_wlth  the  resin  or  catalyst  manu¬ 
facturers’  recommendations.  In  most  cases,  the  uncatalyzed 
resin  was  degassed  at  a  vacuum  of  Q. 2-1.0  mm.  Hg.  unless  the 
resin  had  an  appreciable  vapor  pressure  and  would  lose  monomeric 
material  under  reduced  pressure,  This  technique  of  degassing 
resulted  in  relatively  bubble-free  castings. 

The  mixed  catalyzed  resin  was  then  cast  into  sheets 
10"  x  10"  x  0.135-0.160"  thick  and  7/8"  x  7/8"  x  6"  bars  which 
were  later  machined  to  1/2"  x  1/2"  x  5"  bars  for  heat  diotortion 
bars  and  1/2"  x  1/2"  x  2-1/2"  notched  bars  for  impact  testing. 

All  systems  were  gelled  at  room  temperature  or  slightly  above 
when  using  a  high  temperature  catalyst.  Thereafter,  bars  and 
sheets  were  subjected  to  time  and  temperature  heat-curing  and 
post-curing  cycles. 

During  the  program,  it  was  discovered  that  thicker  bars 
jured  at  different  rates  and  the  exothermic  reaction  in  the  -  _  : 

•-hiob'bJWB  »r>& 

unsuitable  for  tasting.  Since  considerable  time  would  have  been 
expended  in  reformulating  resin  batches  and  determining  separate 
cure  cycles  for  the  thick  bars,  many  of  th$  resin  systems  were 
not  re-examined  in  the  thicker  dimensions.  Tensile  strength 
served  as  an  effective  indication  of  proper  cure  accomplishment. 

Tensile  strength  data  reported  are  in  general  agreement 
with  manufacturers'  specifications.  Tensile  value  for  some  of 
the  systems  were  not  supplied  by  resin  manufacturers,  A  spread 
in  tensile  values  obtained  is  due  in  part  to  sample  preparation 
technique.  For  example,  in  early  samples  micro-nicks  were  formed 
in  many  samples  when  the  double-fluted  "Tensilbit"  was  used  to 
shape  tensile  specimens.  Changing  to  a  diamond  plated  “Tensilbit" 
hao  almost  entirely  eliminated  the  problem. 


IV. 3. 1.2.  Test  Procedures 

Test  procedures  used  to  evaluate  cast  resin  systems  were 
A stm  method. 

1 ,  Tensile  Strength  -  ASTM  D638-58T 

Tonsilbars  were  prepared  by  band  sawing  resin  strips  from  cast 
jshoet  followed  by  milling  in  a  Tensilbit  Machine  equipped  with 
a  No,  51-7Q2T  double-fluted  carbide  tipped  Tensilbit. 

This  Tensilbit  was  later  replaced  with  a  51-700D  diamond 
plated  Tensilbit,  which  prepared  essentially  nick-free  specimens. 
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Kev  to  Table  1 

Formulations 

- Epoxide-and-Di—epoxide-Resins - — — 


E828  -  Epon  828  -  Shall  Chemical  Company 
JD519  -  Epi  Rez  510  -  Jones  Dabney  Company 
JD504  -  Epi  Raz  504  -  Jones  Dabney  Company 
U201  -  Unox  201 

U2Q6  -  Unox  2206  -  Union  Carbide  Chemicals  Co.  (diepoxidea) 
U207  -  Unox  207 

Polyesters 

L4128  -  Laminae  4128  -  American  Cyanamid  Company 
V156  -  Naugatuck  Chemical  Company 


Silicones 


DC7145  -  Dow-Coming  Company 
DC7146  -  Dow-Coming  Company 

Phenolic 


C7541  -  ERB  7541  -  Union  Carbide  Plastics  Co. 


Curing  Agents 


MPD  -  Metaphenylenediamine  -  Allied  Chemical  Co, 

BF3-MEA  -  Boron  Tri fluoride  Mono-ethylamine  Complex  - 
Harshaw  Chemical 

V115  -  Varsamid  115  Polyamide  Resin  -  General  Mills  Co. 

HHPA  -  Hexahydrophthalic  Anhydride  -  National  Aniline  Div.  - 
Allied  Chemical 

AMBA  -  Alpha  Methyl  Benzyl  Amine  -  Union  Carbide  Chemicals  Co. 
1,2,6,  Hex-  1,2,6  Hexanetriol  -  Union  Carbide  Chemicals  Co. 

DMP-10  -  Accelerator  -  Rohm  and  Haaa  Co. 

MA  -  Maleic  Anhydride  -  American  Cyanamid  Co. 

TMP  -  Trimethylol  Propane  -  Heden  Newport  Chemical  Co. 

BENZ.  P  -  Benzoyl  Peroxide  -  Harshaw  Chemical  Co. 

HEXA  -  Hexamethylene  Tetramine  -  Matheson,  Coleman  and  Bell  Co. 
DICUP  -  Recrystallized  Dicumyl  Peroxide  -  Hercules  Powder  Co. 

LP-3  -  LP-3-polysulfide  reain  (Flexibilizer)  -  Thiokol  Chemical  Co 
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Tensile  strength  determined  on  a  Tinius  Olsen  Plastiversal 
Machine  -  separable  (S~2)  and  nonseparable  (U-2)  strain  indicators 
used. 


2 . _ Te nsile  Modulus 


Calculated  by  obtaining  the  slope  of, the  load  vs.  elongation 
curve  and  multiplying  by  the  ratio  of  gage  length  to  cross- 
sectional  area.  In  cases  where  the  nonseparable  extensometer 
was  used,  all  modulus  calculations  were  made  at  50%  of  ultimate 
elongation  by  approximating  a  line  parallel  to  the  curve  at  that 
point  and  passing  through  the  origin  (0  load,  0  elongation), 
in  some  cases,  a  separable  extensometer  (S-2  strain  instrument) 
was  usod  for  recording  load'  elongation  data  of  the  cast  resins. 

In  those  casos,  a  line  passing  through  the  origin  tangent  to  the 
curve  was  used  in  calculating  modulus  values. 


_ Heat  Distortion  Temperature 

ASTM  D648-56  -  . —  • - - 


Cast  bars  were  machined  to  the  required- 1/2"  x  1/2"  x  5 " 
dimensions.  Teats  were  run  in  accordance  with  ASTM  specifications, 


4,  Iy.od  Impact  (Notched) 

ASTM  Test  D256-56 

Cant  bars  were  machined  and  notched  in  accordance  with  ASTM 
recommendations.  Impact  tests  were  conducted  on  a  Tinius  Olsen 
Change-o-Matic  Impact  Tester. 


IV, 3,1, 3.  Conclusions 

The  information  on  cure  and  resin  handling  characteristics 
which  was  obtained  during  this  phase  of  the  program  was  used 
throughout  the  program.  Without  prior  knowledge  of  viscosity, 
process  ability  and  pot  life  of  particular  resin  blends,  the 
completion  of  the  program  would  have  been  difficult.  In  addition, 
comparison  of  physical  properties  and  determination  of  effec¬ 
tiveness  of  flake  reinforcement  would  have  been  impossible. 

Based  upon  data  obtained  in  this  study,  several  representa¬ 
tive  resin-cure  systems  were  chosen  for  each  of  the  four  resin 
types  under  consideration. 
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The  Jones  Dabney  510-MPD  system  was  used  as  the  basis  of 
most  of  the  epoxy  resin  systems  in  preference  to  the  Epon  828 
or  Unox  resin  systems.  Epon  828  was  not  used  because  of  detri¬ 
mental  dermatitis  reactions  experienced  by  contract  personnel. _ : _ _ 

Unox_2Q7-,  -Unox--20lHHHPy—DMP-i0“systmmts  'were  usecl  where  long 
pot  life  was  a  requirement. 

The  polyester  resin  system  chosen  because  of  optimum 
handling  conditions  was  Laminae  7128-decarp  (dicumyl  peroxide) 
an  improved  version  of  Laminae  4128. 

A  solid  phenolic  resin  RI  4009  was  used  for  dry  blending 
after  the  f lake  laminates  prepared  with  the  liquid  c-7541 
were  proved  to  be  of  poor  quality,  The  dry,  pulverized  Rl  4009 
was  not  evaluated  as  a  solution  casting  resin. 

The  Dow-corning  silicons  resin  series  were  evaluated  only 
in  massed  glass  flaks  systems  because  of  the  extreme  difficulty 
encountered  in  preparing  acceptable  oriented  glass  flake  laminates. 

Siliaone  resins  produced  the  poorest  laminates  because  of 
curing  problems  and  a  tendency  to  stick  to  the  polished  mold 


ay. 3.2.  . •  • 

The  first  step  in  the  preparation  of  glass  flake  laminates 
was  to  develop  a  method  of  combining  the  glass  flakes  with 
the  selected  resin  system.  The  wide  range  of  plastic  binder 
systems  which  cover  water-thin  liquids  through  pastes  and 
solids  necessitated  the  development  of  more  than  one  premix 
technique,  obviously,  a  blending  method  suitable  for  a 
water-thin  liquid  such  as  the  plenum  chamber  method  would  be 
impossible  for  a  solid  rssin  system. 

This  section  of  the  report  is  devoted  to  a  discussion  of 
the  individual  mixing  methods  evaluated. 


XV. 3.2.1.  Abbe  Mixers 

The  Abbe  mixer  is  constructed  as  a  mass  and  paste  mixer, 
having  a  double  "U"  bowl  construction  and  two  modified  sigma 
mixing  blades  rotating  at  a  speed  differential  of  2  to  1 
(maximum  50  rpm  and  100  rpm) .  Blade  construction  is  such  that 
shear  forces  developed  during  mixing  are  substantially  smaller 
than  shear  forces  present  in  other  mass  and  paste  mixers. 

Prime  applications  for  this  mixer  have  been  in  the  manufacture 
of  premix  glass  fiber  reinforced  compounds,  where  minimum  glass 
fiber  degradation  is  a  requisite. 
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IV.  3. 2, 1,1.  Abbe  Mixer  One-quart  size 


The  first  glass  flake  premixes  were  prepared  j.n  _  a_  small. 
_ren.tad_arie-quar  t--s-i  ze  -Abbe-mixerv — Shorter~Tnix in g’  time  a ,  ex¬ 
cellent  wet-out  of  glass  flake,,  and  improved  uniformity  of  mix 
at  the  50%  glass  content  over  the  other  blending  techniques 
were  realized.  Additional  experiments  proved  that  a  wider 
variety  of ;  rosin  syfjtema  could  be  processed  in  the  Abbe  mixer. 

The  early  studies,  using  this  equipment,  were  promising  because 
of  the  improved  mixing  cycle  resulting  in  an  upgrading  of  the 
physical  properties  of  laminates.  Abbe  mixing  appeared  to  be 
the  most  economic  mixing  technique  investigated,  with  the 
exception  of  the  dry-blending  technique. 

In  Table  2  a  summary  is  presented  of  the -laminates  molded 
from  the  initial  trial  batches  of  premixes  prepared  with  the 
small  Abbe  mixer.  Classified  flake  glass  in  sizes  of  +8,  -8  +  16, 
and  -16  mesh  were  used  as  starting  materials.  Only  epoxy-based 
reBin  formulations  were  evaluated  in  this  preliminary  study. 


.  :T'  The  Sftoxy-glaafl  syflt.emgr  ^val-u&tQd-Tinql^cd[^lg'aiiU.dg-l-  ~1~ 

’  (EL-20  series)  and  polysulfide  f  1  ex ib i  1  izad  (BI*-Zl-4J-^our e_-  ^ - 
systems.  Polyamm©  curing  agents  such  as  msta-pBohylehe  diamine 
were  used  (EL-5,  7,  19,  21)  to  promote  enhanced  properties. 
Anhydride  hardeners  were  used  when  lengthened  pot  lives  (EL-14, 
EL-18)  wore  required. 

At  the  low  glass  levels  investigated,  tensile  strength 
properties  ranged  on  the  average  from  6  to  17  thousand  psi. 

The  variations  in  tensile  strength  are  attributable  to  void 
content  and  varying  glass  contents  throughout  the  laminate. 

High  void  content  implies  a  large  number  of  dry  spots  or 
numerous  air  bubbles;  conversely,  low  void  content  implies  a 
desirable,  low  occluded  air  volume  and  a  reduced  amount  of  dry 
spots. 


The  void  content  of  these  Abbe  mixed  laminates  was  fre¬ 
quently  high.  A  compression  mold  can  be  expected  to  reduce 
void  contents  as  pressure  can  be  applied  to  squeeze  remaining 
air  out  of  the  sample  in  a  confined  cavity.  Such  a  mold  was 
not  available  at  the  time  these  studies  were  made. 

Tensile  and  flexural  properties  of  Abbe  mixed  materials 
are  presented  in  Tables  2  and  3,  respectively. 
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Prior  to  the  addition  of  glass  flake,  the  hardener  (liquid  or 
solid)  was  added  to  the  resin  binder  and  mixed  in  the  bowl  of  the 
Abbe  until  the  catalysed  resin  was  homogeneous.  (Steam  heat  may 
be  applied  to  the  jacket  of  the  mixer  to  reduce  the  viscosity  of 
the  resin  and  thereby  promote  better  "wet-out"  of  the  glass  flake.) 
Glass  flake  was  added  to  the  resin  with  the  mixer  blades  rotating. 
Mixing-times- vary  as  a  function  of  f or mulated^fla $ s  content,  i.e. 
higher  glass  contents  require  longer  mixing  times. 


Mixing  time  is  considered  to  be  one  of  the  most  important 
variables  in  producing  high  quality  composites.  There  was  to  be 
expected  an  optimum  mixing  time  below  which  resin  coating  on  the 
glass  flakes  would  be  insufficient,  and  a  mixing  time  above  which 
excess  flake  breakdown  would  contribute  to  lower  tensile  strengths. 
To  determine  the  optimum  mixing  time,  three  identical  batches 
were  formulated  with  the  same  glass  content  (50%),  glass  size 
(+8  mesh)  and  resin  hardener  system  EL-19  (Table  4).  Mixing  times, 
only,  were  varied  at  1-1/2,  5,  and  10  minutes.  After  each  batch 
was  mixed,  a  sample  was  taken  to  determine  the  glass  flake  distri¬ 
bution.  All  three  batches  were  cured  into  sheets  by  identical 
curing  procedures  outlined  in  Table  4.  Five  to  seven  strips  were 
then  out  from  the  cured  sheets  and  tested  for  tensile  strength. 
Figure  1  is  a  plot  of  average  tensile  strength  vs.  mixing  time. 

..Plotted  on  the  same  graph  i»  a  cumulative  analysis  of  glass  flaks — 

ined-ron  a  SfLifteeh..  screen.  ■  ^  -Ac — 

indicated  in  Figure  1,  the  five-minute  mixing  time  resulted  in  the 

for  the  50%  fleas  level  in¬ 
vestigated.  The  screen  analysis  plot  indicates  that  as  mixing  time 
increases,  finer  flakes  are  formed,  reducing  the  cumulative  per 
cent  retained  on  the  SO  mash  screen.  At  the  optimum  mixing  time, 
39.7%  of  the  glass  flake  is  retained  on  the  50  mesh  screen.  (50 
mesh  was  chosen  as  a  convenient  basis;  any  screen  size  aould  have 
been  used  to  illustrate  the  relationship.)  The  above  conclusions 
have  resulted  from  tests  performed  using  an  Abbe  mixer  having  a 
capacity  of  one  quart. 


1-Y-.-3 . 2 . 1 . 2..  _ftbbe_Mlxer.  -  5-cmllon  Size 


The  initial  success  obtained  with  the  one-quart  Abbe  mixer 
indicated  the  potential  usefulness  of  this  method  of  glass  flake 
blending.  The  small  size  of  the  one-quart  mixer  restricted  the 
nature  of  the  studies  and  programs  which  could  be  evaluated.  A 
five-gallon  Abbe  mixer  was  purchased  and  was  used  throughout  the 
remainder  of  the  program.  The  major  portion  of  all  the  laminates, 
and  all  the  premixes  from  Which  the  subcontracted  complex  shapes 
were  molded  were  prepared  in  this  mixer. 


St  was  necessary  to  prepare  a  test  mix  in  the  five-gallon 
mixer  to  objectively  compare  the  breakdown  of  glass  flake  premixes 
in  the  five-gallon  Abbe  mixer  with  the  breakdown  encountered  when 
the  one-quart  Abbe  mixer  was  used.  An  additional  objective  was  to 
gain  insight  into  the  mechanisms  and  rates  of  breakdown  during  the 
mixing  cycle.  Because  of  the  limited  batch  size  of  the  one-quart 
mixer  rented  during  the  earlier  portion  of  the  program,  this  study 
could  not  be  conducted. 


Mixing  Times,! 
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For  the  study,  8.8  pounds  of  unclassified  glass  flake  were 
charged  into  the  mixer  and  mixed  with  8.8  pounds  of  Laminae  4128 
(American  Cyanamid)  polyester  resin  catalyzed  with  one  per  cent 
benzoyl  peroxide.  During  the  mixing  cycle,  no  heat  was  applied  to 
the  steam  jacket  of  the  Abbe  mixer  because  of  the  sensitivity  of 

-the  resin— system  to-eur-ing -under-  slightly  elevated-temperatures - 

Mixing  took  place  under  20  mm.  Hg.  vacuum  for  a  total  of  60  minutes. 
At  10-minute  intervals,  a  200-gram  sample  was  removed  from  the  batch 
and  analyzed  for  glass  flake  size  distribution. 

The  results  of  this  study  were: 

1.  The  five-gallon  Abbe  mixer  degrades  the  glass  flake 
during  mixing  slightly  more  than  the  one-quart  Abbe 
mixer. 

2.  During  the  mixing  process,  there  is  a  very  rapid 
disappearance  of  +8  mesh  and  4-16  mesh  flake.  Similar 
to  other  mixing  and  grinding  processes,  there  is  a 
selective  attrition  of  the  largest  flakes  in  the  mix. 

3.  The  percentage  of  flakes  retained  on  the  +100  mesh 

_ rises  during  the  cycle,  as  expected  (Table  5). 

Figure  2  supports  statement  1  above.  “'THe~ uppermost  curve  in 
Figure  2  represents  the  size  distribution  of  unmixed,  unclassified 
glass  flake.  The  next  curve  progressing  downward  represents  the 
distribution  of  glass  flake  size  in  a  premix  prepared  in  the  one- 
quart  Abbe  mixer  (Laminate  EL-23-2).  The  lowest  curve  represents 
the  analysis  of  the  premix  prepared  in  the  five-gallon  mixer  after 
one-half  hour  of  mixing,  1320  revolutions.  (Earlier  samples!  15 
minutes,  25  minutes,  showed  insufficient  flake  wet-out  as  evidenced 
by  poor  compression  molding  containing  dry  glass  flake.) 

Both  curves  show  a  very  similar  distribution  of  size.  Compar¬ 
ing  the  curves  at  the  +30  mesh  region,  the  horizontal  separation 
between  the  curves  shows  that  the  five-gallon  Abbe  has  degraded 
this  flake  size  more  than  the  one-quart  Abbe  mixer. 

Figure  3  shows  the  amount  of  degradation  that  occurs  during 
mixing.  Both  the  +8  mesh  and  the  +16  mesh  glass  flakes  undergo 
rapid  breakage  in  a  short  time.  The  +30  mesh  fraction  rises  during 
the  first  ten  minutes  as  the  coarser  +8  and  +16  mesh  flakes  break 
down.  Thereafter,  the  +30  mesh  flakes  are  subjected  to  rather  rapid 
size  losses.  Note  that  the  absiccsa  of  the  graph  in  related  to  both 
mixing  time  and  number  of  revolutions  of  the  fast  mixer  blade. 
(Relating  breakdown  to  revolutions  in  the  mixer  eliminates  the  re¬ 
quired  parameter  of  blade  rpm.) 

A  much  more  comprehensive  9tudy  of  the  effect  of  glass  flake 
degradation  due  to  processing  and  its  relationship  to  laminate 
physical  properties  was  performed  at  a  later  date  and  is  reported 
in  detail  on  another  section  of  this  report. 


Log  of  screen  size  opening  converted  to  U,$.  Screen  Number 
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- __ — - - - Figure  2 _ _ _ _ _ _ 

Comparative  Glass  Flake  Distributions  for  Unmixed  Unclassified 
Flake,  Frernlxea  from  1  Quart  and  5  Gallon  Abbe  Mixer 


Cumulative  Percent  of  Glass  Flake  Retained  on  Indicated  Screen 

•  Unclassified  glass  flake 

A  Premix  prepared  in 
one  quart  Abbe  Mixer 
EL-23-2 

O  Premix  prepared  in 

five  gallon  Abbe  mixer 
PL-3-3 


IV  .3,2.1. 3  ■  Abb.-:  Vacuum  B.lt.'ih.lj  iv-'i  -  5-Gp.13.on  S  i.v.o 

The  use  of  a  vacuum  blending  technique  for  preparation  of  high¬ 
ly  filled  premix  compounds  generally  results  in  increased  mixing 
efficiency,  i,e.  the  mixing  time  is  decreased  and  filler  wet-out 
is  increased.  We  believed  that  similar  benefits  could  be  realised 
if  a  vacuum  blending  technique  were  perfected  for  the  Abbe  blending 
of  glass  flake  premixes.  We  expected  to  decrease  glass  flake  de¬ 
gradation  through'  tha^reduction^trf^rrrixring- timei 

The  blend  described  in  Table  6  was  prepared  using  a  vacuum 
blending  technique.  The  resin  and  curing  agent  were  blended  to¬ 
gether  by  hand  and  poured  into  the  Abbe  mixer.  The  Abbe  mixing 
chamber  was  filled  to  the  lip  with  loose,  dry  glass  flake  and  the 
chamber  was  put  under  vacuum.  When  the  pressure  had  dropped  to  be¬ 
low  10  nun.  Hg.,  the  mixer  was  started  and  was  continued  for  about 
3-4  minutes  until  all  the  glass  had  been  wet  out.  The  vacuum  was 
broken  and  the  Abbe  chamber  opened.  The  chamber  was  refilled  and 
the  cycle  repeated.  The  preparation  of  this  batch  required  the  ad¬ 
dition  of  the  3,000  grams  of  glass  flake  in  four  cycles.  A  total 
of  17  minutes  was  required  to  wet  out  the  mass.  Atmospheric  blend¬ 
ing  of  a  batch  of  this  size  and  glass  flake  content  requires  30 
minutes.  Therefore  a  reduction  of  33%  in  mixing  time  was  realized. 
Unfortunately  the  addition  of  large  volumes  of  dry  flake  en  masse 
resulted  in  audible  grinding  noises  being  emitted  from  the  mixer. 

The.  analysis  of  the  glass,  flaks  breakdown  resulting-  from  this  process 
:  jdh3;.-indlcatfis..a:  slia5it-increase  ia-breakdow»  o£..-flak»c -did  opowt-»  •  — 
A  mechanical  modification  was  mad©  to.  the  Abbe  to  permit  slow  addi¬ 
tion  of  •■?fia»s:flake..tO'  the  mixing  chamber  While  under  a  vacuum. 

The  blend  described  in  Table  7  was  prepared  using  classified 
+8  mesh  glasB  in  a  60/40  flake  to  resin  ratio.  The  hopper  appara¬ 
tus  shown  in  Sketch  1  was  used  to  add  the  flake  gradually  to  the 
mixer.  Difficulties  were  experienced  because  of  a  tendency  of  the 
glass  flake  to  bridge  over  the  opening  and  atop  the  flow  of  glass 
flakes  into  the  mixing  chamber.  The  resin  system  was  weighed  and 
added  to  the  Abbe  mixer  and  blended  for  15  minutes  under  a  full 
vacuum  (1,0mm.  Hg. ) .  The  vacuum  was  broken,  the  mixer  opened,  and 
the  glass  flake  added  to  the  hopper  chamber  which  had  been  installed 
on  the  apparatus  (shown  in  Sketch  1),  The  hopper-mixing  chamber 
peal  was  open  while  the  vacuum  was  reapplied.  When  full  vacuum  was 
attained,  it  was  found  that  the  glass  flake  in  the  throat  of  the 
hopper  chamber  had  bridged  across  the  opening,  preventing  the  flow 
of  dry  flakes  from  the  hopper  into  the  mixing  chamber. 

The  vacuum  was  broken  and  the  hopper  reopened.  The  glass  flake 
bridge  was  broken,  the  hopper  lid  replaced,  the  hopper-mixing  cham¬ 
ber  seal  closed  and  the  vacuum  reapplied.  When  a  full  vacuum  was 
attained,  the  hopper-mixing  chamber  seal  was  opened.  Because  of 
the  pressure  differential,  the  glass  flakes  flowed  from  the  hopper 
into  the  mixing  chamber.  The  flow  continued  for  several  minutes 
before  the  flakes  once  again  bridged  over  the  opening. 
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1.  Abba  mixing  chamber 
i.  Hopper-mixing  chamber  seal 

3,  Hopper 

4.  Sight  glass 

5,  Hopper  vacuum  lid 

6 .  Valve 

7 •  Vacuum  gauges 

8.  Screen  pack 

9.  Dry  ice  vapor  trap 

10.  Vacuum  pump 


The  bridge  was  broken  and  the  remaining  glass  added  to  the 
batch.  The  mixing  time  was  determined  with  a  stop  watch  and  only 
the  time  that  the  mixer  blades  were  moving  was  recorded.  A  total 
time  (from  introduction  of  the  first  flake  up  to  complete  glass 
flake  wet-out  and  mixing)  of  19  minutes  was  required. 

The  blend  was  removed  from  the  mixer,  processed  through  the 
calender-orientation  assembly,  moldecf  and  machined'  into  the  proper' 
size  physical  test  specimens. 

The  glass  flake  size  distribution  of  the  original  unmixed  glass, 
the  blended  premix,  the  oriented  uncured  sheet  and  the  laminate  was 
determined. 

The  data  presented  in  Table  7  is  compared  with  similar  data 
obtained  from  materials  processed  by  other  techniques,  in  Table  8. 
Examination  of  Table  8  shows  that  although  the  blending  under  vacuum 
required  approximately  19  minutes  of  mixing  to  obtain  proper  wet- 
out,  only  2.0-2. 194  glass  flakes  was  retained  on  a  +30  mesh  screen. 

The  data  (In  Table  8)  indicates  that  although  some  decrease  in 
glass  flake  breakdown  was  realized  utilizing  vacuum  blending,  the 
effect  of  this  increase  (from  0.5-1.956)  upon  the  molded  laminates 
will  be  alight. 

— -The  vacuum  apparatus:  requires  several  mechanical  modifications 

flake  "fines"  from  the  vacuum  pump,  and  a  means  of  eliminating  the 
bridging  of  glass  flakes  over  the  hopper  opening.  The  highly 
abrasive  glass  flakes  can  cause  major  mechanical  damage  to  a  pump 
if  they  are  permitted  to  enter  the  mechanism.  Screen  packs  are  not 
an  effective  separation  device.  Bridging  over  of  the  hopper-mixing 
chamber  opening  must  be  eliminated. 

Use  of  vibrators  or  pulsating  fluted  rods  at  the  orifice  can 
prevent  the  formation  of  the  bridge. 

The  time  required  to  obtain  a  uniform  premix  is  17-19  minutes 
versus  30-35  minutes  for  atmospheric  blending,  but  the  shorter 
mixing  time  is  still  longer  than  the  critical  time  period  which  is 
less  than  10  minutes  of  the  Abbe  mixing.  The  critical  time  period, 
discussed  in  detail  later  on  in  this  report,  is  the  mixing  time 
which  will  keep  the  glass  flake  breakdown  from  going  below  a  20  per 
cent  retention  on  a  30  mesh  screen. 


Therefore,  because  significant  increase  physical  properties 
were  not  obtained  from  the  specimens  prepared  through  this  technique, 
additional  vacuum  hopper  runs  were  not  run. 

IV. 3. 2.1. 4.  Conclusions 

Abbe  mixing  is  a  simple  and  effective  method  of  blending  resin 
and  glass  flakes.  Uniform  glass  wet-out  and  resin  flake  distribu¬ 
tion  throughout  the  premix  is  obtained.  Vacuum  blending  in  the 
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Abbs  mixer  reduces  blending  time.  There  exists  an  optimum  mixing 
range  (15  to  30  minutes)  below  which  resin  coating  on  glass  flake 
is  insufficient  and  beyond  which  excessive  breakdown  is  experienced. 

The  Abbe  mixing  process  is  not  as  degrading  to  glass  flake  size  as 
the  other  processes  evaluated;  however,  breakdown  of  glass  is  a 
limiting  factor  in  the  utility  of  this  process. 

La rge  batch  sizes  or  higher_gjass  f lake-contents-increa se -  the - - - 

rate  of  flake  degradation.  Glass  flakes  must  be  added  slowly  to 
the  Abbe.  Rapid  or  botch  addition  increases  flake  degradation. 

The  larger  glass  flakes  disappear  from  the  premix  rapidly  because 
of  selective  attrition  of_the  largest  flakes.  Vacuum  blending  re¬ 
quires  the  use  of  effective  glass  flake  and  "fines"  filtering  to 
prevent  entrance  of  the  destructive  glass  into  the  vacuum  pump. 


The  original  study  was  performed  with  solid  resins.  The  tech¬ 
niques  developed  in  these  studies  were  then  used  to  prepare  the 
phenolic-glass  flake  resin  systems  described  in  detail  further  on 
this  report.  ( 

Formulations  E-10,  Table  9  and  E-15,  Table  10,  were  B-staged 
by  allowing  the  resin  batch  to  Bolidify  at  room  temperature  for  a 
period  of  24  hours.  The  resulting  B-staged  polymer  was  powdered  . 

^  ^  ?U1  . 

The  resulting  powder  was  blended  with  50 

flake  if*  a  5000  mlT  grass  finned  flask  rotating  at’ 20  rpm  for  a 
period  of  one  hour,  at  which  time  the  flakes  appeared  well  coated. 

In  Table  9  are  listed  the  details  of  this  experiment.  Although 
several  laminates  were  prepared,  only  a  small  number  were  suitable 
for  testing. 

It  should  be  noted  that  after  dry  blending,  the  flake  resin 
composite  retained  the  low  weight  to  volume  ratio  (0.05  grams/cc.) 
that  the  flake  originally  had.  Therefore,  compression  molding 
several  inches  of  this  material  directly  after  tumbling  results  in 
a  very  thin  laminate.  After  producing  El-10-1,  some  material  was 
tested  to  see  whether  cold  preforming  (Munton  Hydraulic  Ram  System 
2"  preform  diameter)  of  this  bulky  mixture  would  reduce  its  bulk 
factor;  however,  crushing  of  the  flakes  occurred  (at  500  psi). 

Glass  flakes  were  charged  into  a  Patterson-Kelloy  blender 
(commonly  known  as  a  V-blender)  Photograph  1„  and  tumbled  for  a 
period  of  one-half  hour.  The  action  of  particle  to  particle  causes 
a  static  charge  build-up  on  the  glass.  Either  a  B-staged  pulver¬ 
ized  solid  resin  and  a  pulverized  hardener  is  then  charged  to  the 
blender.  The  materials  then  are  blended  for  two  hours.  This  method 
has  been  used  for  the  formulation  of  glass  contents  of  50,  60,  70 
and  80%  glass. 

Tensile  strengths  are  reported  in  Table  10  at  the  50%  glass 
content  studied.  Thin  laminates  were  produced  at  various  curing 


TABLE  9 

Compression  Holding  of  Dry  Blend 

Laminate  el-IO-i 
Procedure: 

1.  Dry  blend  for  1  hour 

_ _ 3  mlor°.” MC  lfiMilled  glass  flake 

Compression  mold  for  1  hour  at  300°f 
10"  x  10"  E lines  Press 
aontaot  pressure  used 

Laminate: 

1.  Dimensions  0.060"  x  6"  x  8"  approx. 

2.  Appearance  -  air  bubbles  present 

some  limited  flow  patterns  of  resin 
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cycles.  1'or  the  resin  system  studied,  a  350°F  cure  temperature 
optimized  tensile  strength  properties  using  50%  unclassified  glass 
as  indicated  in  Figure  4. 


Analysis  of  the  dry  blends  revealed  a  3-12%  variation  in  glass., 
"content,  "although  the  batch  was  prepared  with  a  50%  glass  content. 
Sampling  individual  sections  of  a  given  laminate  points  out  these 
glass  variations.  All  laminates  prepared,  using  any  of  the  blending 
techniques,  exhibit  this  phenomenon.  The  variation  in  glass  content 
occurs  during  molding,  resulting  in  point  to  point  variations.  This 
may  be  one  of  the  reasons  for  wide  variations  in  tensile  strengths 
of  all  tested  samples.  The  "clumping11  or  glass  segregation  occurred 
because  a  confined  compression  mold  was  not  used.  Compression  mold¬ 
ing  between  chrome  plated  caul  plates,  using  stops,  does  not  suf¬ 
ficiently  confine  the  laminate  during  curing.  Resin  drain-out  was 
observed  even  at  contact  molding  pressures. 


Computed  tensile  moduli  at  the  50%  glass  content  for  dry  blended 
laminates  range  from  1.60  to  6.G8  million  psi.  Flexural  strength  of 
these  dry  blends  varied  from  9.9  -  16,700  psi,  with  an  average  modu¬ 
lus  of  2.4  million  psi.  Flexural  data  is  contained  in  Table  11. 

Void  percentages  (Table  10)  as  calculated  are  low,  giving  oredence 
to  the  higher  tensile  values  obtained.  r“  '  — — -  •: 


Hot  preforming  of  the  dry  blended  compounds  has  been  accomplished 
by  subjecting  it  to  a  I90-2GG*F  temperature  for  a  short  time  under 
low  pressure,  followed  by  rapid  cooling.  Molding  several  of  the  pre¬ 
forms  in  a  compression  press  has  resulted  in  fabrication  of  a  0.180 
thick  sheet.  Even  after  hot  preforming,  the  precured  apparent  den¬ 
sity  is  only  approximately  25%  of  the  final  cured  density  of  the 
laminate.  It  is  expected  that  dry  blends  could  be  used  for  filling 
intricate,  thin-walled  cavities.  Large  daylight  area  presses  would 
be  required  for  the  molding  of  thick-walled  sections. 


IV.  3. 2. 2-.  1. _ 


Tumbling  glass  flakes  with  either  a  catalyzed  or  uncatalyzed 
resin  dust  is  the  main  principle  involved  in  dry  blending.  Static 
charges  developed  during  blending  of  the  glass  and  resin  aid  in  the 
obtainment  of  a  uniform  resin  coating  on  each  flake.  Catalyzed, 
B-staged  pulverized  resins  are  preferable  because  of  the  shorter 
time  required  to  cure  them  to  a  hardened  laminate.  Only  a  small 
amount  of  glass  flake  breakdown  occurs  during  this  process. 


IV. 3. 2. 3.  Plenum  Chamber  Process 

The  plenum  chamber  process  incorporated  coating  airborne  glass 
flakes  with  a  fine  mist.  The  salient  feature  of  this  process  is 
that  it  readily  lends  itself  to  continuous  production. 


The  plenum  chamber  used  was  a  4 '  x  4 '  x  8 '  sheet  metal  chamber 
with  six  separate  sliding  hole  mounts  for  the  Paasche  airbrushes. 
The  airbrushes  could  be  raised  or  lowered  to  give  any  desired  spray 
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level  in  the  chamber.  (Photograph  2.)  Vhe  plenum  chamber  was  do- 
signed  to  allow  venting  of  the  uir  pressure  through  a  filter  sock 
rather  than  a  screened  section  of  the  conveyor  pipe  for  glass 
flake. 


Calibration  of  the  resin  delivery  system,  Paaoche .airbrushes, - 

and-glass- flake  de'llve'ry^ffbnrthre^gile  Cloud  Chamber  was  required 
before  glass-resin  mixtures  could  be  made.  This  process  was  a  multi¬ 
stage  batch  process.  Since  most  of  the  samples  required  by  the 
programs  ware  relatively  small,  no  attempt  was  made  to  adapt  this 
step  for  continuous  production,  until  its  usefulness  and  effective¬ 
ness  had  been  proven. 

.  The  plenum  chamber  process  had  undergone  extensive  development 
from  that  used  in  previous  studies.  Initial  trials  were  conducted 
using  air  atomized  resins  to  coat  glass  flakes  which  were  air  blown 
into  the  plenum  chamber. 


The  use  of  liquid  spray  resin  atomizing  system  showed  a  defi¬ 
nite  improvement  over  the  operation  observed  when  an  air  gun  was 
used  to  atomize  the  resin-hardener  system.  Atomization  of  epoxy 
resins  into  a  fine  mist  was  accomplished  by  use  of  1000-2000  pai 
pressure  developed  on  the  reein  before  passing  through  a  liquid 
'  . — . .  ‘  "  -  No.  9501TC,  Orifice  size  1 


I'wsre  200/gro/mihute.  '' 
3xy  resins  resulted  in  excessive  foaming 
iroBZlsr - 


Watting  of  glass  flake  in  the  plenum  chamber,  using  a  liquid 
epoxy  spray,  was  more  complete  than  When  air  was  used  for  atomiza¬ 
tion.  No  turbulence  was  encountered  when  the  liquid  spray  was 
used,  Resin  wet  glass  flakes  prepared  in  the  plenum  chamber,  using 
the  liquid  spray  system,  still  had  excessive  amounts  of  air  inclu¬ 
sions  and  non-homogeneous  wetting  of  glass  flakes  was  observed  due 
to  uneven  glass  flake  delivery  using  the  Agile  cloud  chamber. 


A  star  valve  and  hopper  was  designed,  fabricated  and  installed 
above  the  plenum  chamber ,r  Their  purpose  was  to  accurately  meter 
glass  flake  and  deliver  the  flake  by  gravity  into  the  resin  mist. 
Static  testB  of  this  star  valve  metering  unit  were,  hindered  by 
bridging  of  the  glass  flake  in  the  hopper  throat  just  before  entry 
into  the  star  valve,  A  bridge  breaking  device  was  installed  and 
eliminated  this  problem. 


IV. 3. .2. 3.1.  Conclusions 

Sketch  2  is  a  process  schematic  of  the  plenum  chamber  opera¬ 
tion.  All  laminates  produced  with  this  process  have  exhibited  vari¬ 
ations  of  resin  and  glass  composition  within  a  laminate.  Unstable 
operation  in  the  plenum  chamber  was  responsible  for  this.  Table  12 
liat3  the  typical  properties  obtained  from  laminates  prepared  with 
plenum  chamber  mixed  systems.  Ao  can  be  seen,  the  physical  proper¬ 
ties  of  the  laminates  were  generally  poor.  The  low  values  can  be 


Plenum  Chamber  Assembly 


SCHEMATIC  OF  PLENUM  CHAMBER  PROCESS 


Table  12 


Cure  Cycle  :1  hoar  It  32D.jF  «md  0  pslpreaiure 

6  hour*  at  400°F  and  0  pat  pressure 


Laminate  Thickneee  2.  11  -  2, 15  lnchea 

Density  1.40Cr/cc 

Glass  content  31  -  38% 

Void  content  13% 

Tensile  strength 

average  3. 36  x  103  psl 

range  2, 24-4.  54  x403  pel - 

Tensile  modulus  2.  06  x  10°  psi 


explained  by  stating  that  laminates  prepared  from  plenum  chamber 
blended  materials  exhibited  resin  rich  and  resin  dry  areas,  large 
amounts  of  entrapped  air  bubbles  and  many  areas  of  disorientation 
of  glass  flakes. 

Many  of  these  problems  could  be  eliminated  if  the  properfur- _ 

jfcheE— processing-,- aueh-  a s-ea-lender -  orientation “and  vacuum  treatment, 
were  used'  -  but  the  problem  on  non-uniformity  of  glass  content 
would  not  be  added.  In  addition,  it  should  bo  noted  that  the  plenum 
chamber  requires  large  volumes  of  excess  resin  to  wet  out  the  flake. 
This  resin  is  squeezed  out  during  the  molding  cycle. 

XV, 3.2.4.  Solvent  Coating  Techniques 

Throughout  the  program  there  existed  a  definite  need  for  re¬ 
fined  solvent  coating  methods  usable  for  glass  flakes.  Two  areas 
of  importance  arei  (1)  coating  glass  flakes  with  bonding  agents, 
and  (2)  coating  glass  flakes  with  high-strength  solid  resins  to 
obtain  higher  glass  contents  than  those  presently  available  without 
degradation  of  glass  flake  size.  A  bonding  agent  should  improve 
the  strengths  of  polyester-glass  flalce  laminates  which  have  been 
lower  than  the  strength  of  the  resin  itself.  We  believe  that  this 
abnormality  was  caused  by  poor  chemical  bonding  between  glass  flake 
and  the  polyester  res  inland,  poor.  ..cohesion  of  the  resin  binder  system. 

h “oFdir  ^Eb~upgrade  the  strengths  of  glass  flake  reinforced 
laminates  bound  with  polyester  re wins,  the  technique  of  coating 
glass  flakes  with  Union  Carbide's  A-lioO  silane  coating  agent  was 
evaluated,  Glass  flakes  were  charged  into  the  Abbe  mixer  which 
contained  1%  water  solution  of  the  glass  bonding  agent.  The 
temperature  of  the  mixture  was  held  at  190° F  for  a  one -hour  period, 
as  recommended  by  Union  Carbide.  The  large  excess  of  water  was 
drained  from  the  glass  flakes  and,  subsequently,  the  flakes  were 
placed  in  an  air-circulating  oven  at  250°F  for  a  period  of  six 
hours  to  remove  as  much  of  the  water  solution  remaining  on  the 
glass  flakes  as  possible.  Thereafter,  50-100  gram  batches  of  the 
treated  flake  were  placed  in  the  dielectric  heater  where  remaining 
traces  of  water  were  volatilized. 

The  A-1100  treated  batch  of  glass  flakes  was  then  used  to  pre¬ 
pare  a  laminate  using  American  Cyanamid's  polyester  resin  Laminae 
4128  catalyzed  with  2.0%  benzoyl  peroxide.  The  resultant  laminate 
was  of  decidedly  poor  quality  and  was  not  tested.  Evidently, 
segregation  of  the  A-1100  silane  finishing  agent  on  the  glass  flakes 
caused  localized  curing  reactions.  Laminate  quality  and  density 
varied  from  spot  to  spot  within  the  laminate. 

Solvent  coating  of  solid  resins  to  glass  flake  was  investigated. 
It  is  well  known  that  many  commercially  available  solid  epoxide 
resins  have  inherently  higher  physical  properties  than  commercial 
liquid  epoxy  resins.  However,  the  method  required  to  combine  these 
solid  resins  with  reinforcing  materials  is  necessarily  more  compli¬ 
cated  than  the  technique  used  to  combine  liquid  resins  with  rein¬ 
forcing  materials.  An  approach  taken  to  combine  the  solid  resin 
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with  glass  flake  was  in  accordance  with  the  solvent  coating  tech¬ 
nique.  A  large  excess  of  solvent  (acetone)  war,  used  to  dissolve 
Epon  1031  (Shell  Chemical  Co.)  and  the  hardener,  methyl  Nadia  an¬ 
hydride  resin.  The  resultant  solution  (17%  solids)  was  used  to 
coat  the  glass  flakes  in  the  Abbe  mixer.  Drainage  of  excess  solvent 

followed  by  oven  exposure  and  dielectric  heating  was  used  to  re- _ 

move  solvent  from  the  glass  flake.  A  thifTTaniinate^sheet  was 
compression  molded  from  the  dry  mixture  of  the  coated  glass  flakes. 
Molded  appearance  revealed  the  presence  of  dry  glass  flake  in 
patches  where,  evidently,  resin  had  been  "washed"  off  the  flakes 
during  removal  of  excess  solvent.  Continued  efforts  to  use  this 
technique  for  coating  glass  flakes  were  unsuccessful. 

(The  solvent-resin  coating  system  has  been  used  commercially 
to  produce  shellac-mica  flake  laminates.  The  physical  properties 
of  these  laminates  is  unknown.) 

IV. 3. 2. 4.1.  Conclusions 

The  process  solvent  coating  is  of  potential  value,  but  the  ef¬ 
fort  required  to  reduce  it  to  usefulness  will  be  extensive  and  may 
prove  uneconomic. 

— — Unevenness  of  resin  coating  on  glass  flakes  resulting  in  resin 

;  ri  eb  and-  st-RTved  -  we  .• . Difficulty  -tft-WWnW  ihg-7all  traces-  of— — 

solvent  without  overcuring  the  reactive  reain  system.  This  system 
may  Isa  used  i£  th  anfiopl  a  a  1 1  e  ihasifi  binders  «re  to  be  used.  Binding 
of  individual  glass  flakes  into  books  or  "plates"  which  are  degraded 
during  the  molding  cycle. 


The  basic  principle  involved  in  the  centrifugal  process  is  the 
flow  of  resin  from  the  center  of  a  rotating  centrifuge  to  the  outer 
wall  as  a  result  of  centrifugal  force.  As  the  resin  seeks  the 
maximum  diameter ,  it  comes  into  contact  with  glass  flakes  charged 
into  the  centrifuge  at  the  start  of  the  operation,  and  thereby 
"wetting"  of  the  glass  flakes  is  accomplished. 

Although  a  basic  advantage  realized,  using  this  process,  is 
accurate,  control  of  the  charge  ratios  of  glass  and  resin  since  it 
is  a  batch  process,  a  disadvantage  is  that  mixing  times  required 
have  been  one  hour  for  200-400  gm.  batches.  Even  at  the  one-hour 
mixing  times,  insufficient  wetting  of  the  glass,  flake  clumping, 
and  inclusion  of  air  pockets  have  been  observed.  The  laminates 
prepared,  using  the  centrifuge  process  for  mixing  glass  flake  with 
resin  have  not  given  outstanding  tensile  strength  properties 
(3-10,  700  psi). 

A  6-inch  diameter  cylinder  mounted  on  a  two-speed  motor  (1850 
and  4800  rpm)  was  used  for  the  centrifuge  studies. 

In  Table  13  a  summary  is  given  of  the  laminates  prepared  from 
premixes  made  in  the  centrifuge;  the  processing  data  for  the  first 
centrifugal  blend  is  shown  in  Table  14. 
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Key  to  Table__I3 

Formulations 

Epoxide  and^  di-epoxide  reejns -  - 

JD510  -  Epl  Rez  510  -  Jones  Dabney  Co. 

JD504  -  Epi  Rez  504  -  Jones  Dabney  Co, 

11207  -  Unox  207  -  (di-epoxide  resin)  -  Union  Carbide  Plastics  Co. 

Curing  Agents 

HHPA  -  Hexahyarophthalic  anhydride  -  National  Aniline  Dlv.  -Allied  Chemical 
DJMP-10  -  Accelerator  -  Rohm  and  Haas  Co. 

MA  -  Maleic  anhydride  -  American  Cyanamid 

TMP  -  Trimethylol  Propane  -  Heyden  Newport  Chemical  Co,  . — v.. 

Initial  Oi  ass  Content 

Refers  to  weight  per  cent  of  glass  flake  charged 


Initial  Glass  Size 

U 

unclassified 

+3  - 

retained  on  8  mesh  screen 

-8 

passing  through  8  mesh 

+  15  - 

retained  on  16  mesh  screen 

-16  - 

passing  through  16  mesh  screen 

Cure  Cycles 

Pressure,  psi 

C 

Contact  pressure  used  during  cure 

Tensile  Strength 

Tensile  strengths  determined  in  accordance  with  ASTM  D638  -  58T 

Flexural  St  rengths 


Flexural  strength  performed  in  accordance  withASTM  D790  -  58T 


TABLE  14 


Compression  Molding  of  Centrifuge- 
Produced  Blend 


Procedure : 

_ 1. — 282- grams-ongraded-E -glass- flake - 

282  grams  E-12  resin 

2.  Resin  and  glass  admitted  periodically  into 
centrifuge;  20  minute  mixing  cycles;  remove 
resin-wet  mix  from  centrifuge  walls  and  remix 

3 .  Total  mixing  time  -  1  hour 

4.  Resin  temperature  during  mixing  -  65°C 

Cure: 

1.  10"  x  10"  Elmes  Press 

2.  Contact  pressure  to  close 

3.  200  °F  1  hour  . 

250“  F  16  hours 

at  500  pat 

4.  Resin  drainoff  during  cure 


Laminate: 

1,  Dimensions  0.183* x  approx.  7"  x  7" 


Properties  of  Cured  Laminate: 

Tensile  Average 

Sample  strength  pal  Tensile  Hodulue 

1  0,600 

2  8,050  3.03  x  100 

3  11,800 


Glass  Content 

before  molding  after  molding 

50$  78,5%  Average 

Molded  Density 
1,80  6g^S.B  average 

vv< 

0a8  Occlusion  volume  % 
approximately  -  14 
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Glass  flake  was  charged  into  the  vertical  centrifuge;  thereafter, 
catalyzed  resin  wets  added  at  the  center  and  rotation  of  the  bowl 
begun  at  4000  rpin  to  promote  quicker  mixing  through  resin  flow. 

This  process  was  developed  in  previous  Olin  contract  6. 

Mixing  times  were  one  hour  with  stops  at  15  minute  intervals 
to  remix  the  high  resin  content  glass  mixture  which  had  segregated 

to  the  maximum  diameter  of  the  centr ifug.e  ,_back  -to-the  center -of - — 

— - the-centrifuge^;  The  time  required  for  the  remix  step  was  one  minute. 

Inasmuch  as  mixing  times  are  one  hour,  an  alternate  resin  system 
was  chosen  which  had  lengthened  pot  life  at  room  temperature  and 
...  also  a  low  fluidity  or  viscosity.  The  formulation  used  was  Unox  207, 
a  di-epoxide. 

IV. 3.2.5. 1.  Conclusions 

Laminate  properties  for  laminates  made  with  centrifugally 
prepared  premixes  appear  in  Tables  14  and  15  and  compared  with  other 
materials  in  Table  16.  It  should  be  noted  that  various  degrees  of 
resin  squeeze  out  occurred  giving  31-72  weight  per  cent  glass  in  , 

the  final  laminate. 

Generally,  laminate  strengths  are  low?  laminates  produced  were 
misoriented  and  contained  voids.  Average  1  mlnate  tensile  strengths 
_ varied  from  4  to  11,800  psi  at  varying  glat;  content,  _ _ _ _ 

The  long  blend  time  required  to  obtain  a  complete  and  uniform  - 
mix  combined  with  tha  difficulty  in  preparing  blends  with  glass  flake 
concentration  above  50%  caused  us  to  terminate  this  phase  of  the 
program.  We  believed  that  concinuad  efforts  would  not  yield  an 
economic  and  reproducible  process. 

IV. 3.2.6.  Two  Roll  Milling 

Attempts  at  using  a  2-roll  mill  as  a  means  of  blending  glass 
flake  with  resin  were  unsuccessful.  The  resultant  premix  was 
noticeably  inferior  and  contained  a  much  higher  ’’fine"  content 
than  those  produced  by  other  blending  methods  evaluated.  .  ...  ... . 

A  small  quantity  of  fluid  catalyzed  resin  was  poured  onto 
the  moving  2-roll  mill.  The  nip  clearance  was  reduced  to  a  minimum 
to  prevent  excessive  resin  drip  from  the  rolls,  The  glass  flakes 
were  slowly  sprinkled  onto  the  moving  roll  until  all  visible  resin 
is  absorbed.  The  process  of  alternately  adding  resin  and  flake  is 
continued  until  all  the  ingredients  were  blended. 

"Wet  out"  of  the  flakes  by  the  resin  became  increasingly 
difficult  as  the  batch  size  was  increased.  Excessive  glass  flake 
breakdown  was  noticeable  almost  immediately. 

IV. 3. 2.6.1.  Conclusions 


The  2-roll  milling  of  glass  flake  is  a  poor  means  of  combining 
flake  with  re3in.  The  dry,  brittle  glass  flake  is  subjected  to  high 
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shear  when  it  passes  through  the  narrow  gap  between  the  rolls. 

A  very  rapid  (glass  flake)  degradation  rate  is  experienced. 

The  2-roll  milling  process  exhibited  an  interesting  phenomenon 
in  that  flakes  in  the  mass  after  complete  blending  apparently  became 
oriented.  It  was  this  observation  which  lead  to  the  construction 
and  evaluation  of  the  other  calender  process  system. 


The  rate  of  flake  degradation  experienced  in  2-roll  blending 
is  increased  as  the  glass  flake  content  is  increased.  Most  blends 
were  evaluated  at  a  50%  glass  flake  content.  It  was  noticed  that 
as  the  last  of  the  glass  was  added  degradation  increased  rapidly. 

This  increase  was  accelerated  if  the  glass  flake  content  of  the 
mixture  was  in  the  range  of  60%  or  70%, 

IV.. 3. 3.  Premix  Processing 

In  preparation  of  laminates  evaluated  early  in  this  program, 
great  difficulty  was  encountered  in  obtaining  specimens  free  of 
internal  flaws.  It  was  decided  to  develop  intermediate  processes 
for  conversion  of  premixed  flake-resin  systems  into  moldable  forms. 

It  was  expected  that  resin  flow,  air  entrapment,  glass  disorientation, 
.and  resin  wet  out  problems  could  be  relieved  somewhat  by  such  pro¬ 
cessing.  To  this  end,  processes  for  preform  preparation,  calender 
orientation,  dielectric  preheating,  extrusion  and  injection. molding 

.  Were  .evaluated,  sxdellant-geaulta -ware  obtained  when  wst-granULatea - 

wureprocessed  by  calendering,  and  good  laminates  were  made  from 
:  dielectrically  heated  preforms  o£  dry  blende,  '  - 

IV. 3.3.1.  Preforming  of  Premixes 

The  preparation  of  cured  glass-laminate  sheets  in  thickness  up 
to  two  inches,  was  difficult.  Proper  orientation  of  the  glass  flake, 
removal  of  the  occluded  gas,  and  uniformity  of  cure  in  a  single  molding 
operation  were  not  obtainable.  It  was  correctly  postulated  that  thin, 
well-oriented  and  partially  cured  (B-staged)  sheets  could  be  stacked 
in  layers,  pressed  together.  Pertinent  detailed  data  related  to  the 
initial  formulations  and  procedures  studied  are  given  in  Table  16, 

The  epoxy-acid  anhydride  system  at  2Q0°F.  had  an  induction 
period  of  about  55  minutes  to  one  hour  before  incipient  cure  started. 
Thereafter  the  curing  rate  was  so  rapid  that  the  cure  had  advanced  to 
on  infusible  state  within  5  to  10  minutes.  These  sheets  would  not 
bond  when  stacked  at  a  higher  curing  temperature. 

Water  cooling  of  the  platens  or  cooling  the  mold  in  dry  ice 
satisfactorily  arrested  the  advancing  cure.  Both  methods  were 
usable,  but  the  dry  ice  cooling  method  was  more  troublesome,  and 
the  preform  was  more  difficult  to  remove  from  the  mold. 

Curing  induction  periods  from  batch  to  batch  were  variable. 

The  proper  control  of  handling  and  arresting  the  incipient  cure  of 
the  EL-23  resin  system  (Table  17)  required  too  much  developmental 
attention  to  be  considered  further.  An  alternative  approach  using 
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Cure:  Compression  Molded.  (G.  100  in.  thick) 
2  hrs.  200*  E.  1000  psi 

2  hrs.  400*  F.  Oven 
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the  wot  resin  system  to  B-stage  the  epoxy  preforms  with  mcta- 
phenylcne  diamine  as  a  curing  agent  was  then  tried. 

The  technique  developed  v/as  based  on  the  preparation  of  the 
premix  in  an  Abbe  blender  after  which  the  wet  blend  was  permitted 
to  B-stage  over  a  24  hour  period.  The  loose,  bulky  mass  became  a 
hard  friable  material  which  was  broken  by  hand  or  chopped  mechanically. 

It  could  then  be  charged  into  the  preforming  mold.  The  material  was _ 

subjected  to  low  pressures  at  temperatures  slightly  above  the  softening 
point  of  the  resin  binder  system.  The  preform  sheets  which  were 
formed  ware  slightly  oriented,  low  strength,  poorly  compressed 
laminates. 

The  preforms  were  then  layered  to  produce  laminates  of  the 
proper  thicknesses  in  subsequent  moldings.  This  system  produced 
soveral  disadvantages  which  resulted  in  discontinuation  of  this 
process. 

The  resin  system  (100  parts  Epi  Re?,  510  and  14  parts  meta- 
phenylene  diamine)  was  also  used  to  prepare  the  pulverized  B-stage 
resin  which  dry  blended  with  glass  flakes.  The  higher  degradation 
of  flake  size  during  Abbe  mixing  was  established,  as  was  the 
relatively  low  glass  flake  degradation  resulting  from  dry  blending 
of  flake.  Therefore,  this  process  produced  laminate  with  smaller 
flake  size  than  the  dry  blending  process.  In  addition,  dry  blending 
of  the  system  subjected  the  glass 

The  loose,  non-oriented  rsBln-f lakes  were  charged  into  the 
heated  mold  cavity.  The mold  was  closed  and  low  pressure  applied 
for  limited  periods  of  time.  The  variables  of  preform  temperature, 
pressure  and  time  were  depandent  upon  the  resin  system  used  in  the 
premix.  Typical  examples  of  various  systems  follow. 

Table  18 

Preform  Molding  Parameters  -  Dry  Blends 

System  Temp, .  °F,  Time,  sec.  Pressure,  psl 

Epoxy-Amine  160-170  15-30  200-250 

Phenolic  270  5  200 


Essentially  minimum  pressure,  temperature  and  time  required  to 
compress,  soften  the  resin,  lightly  bond  and  orient  the  glass  flakes 
was  used.  There  exists  a  moderate  degree  of  freedom  in  choice  of 
preform  conditions,  but  too  high  temperature  or  pressure  will  result 
in  sheets  in  which  the  resin  is  too  highly  cross-linked  (cured)  and 
therefore  cannot  be  formed  into  laminates.  Less  than  minimum 
preform  conditions  result  in  weak  preforms  that  exhibit  low  cohesive 
strengths,  poor  orientation,  little  bulk  compression  and  are  diffi¬ 
cult  to  handle. 
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IV. 3. 3.1.1.  Conc.lun.lons 

The  preform  process  was  used  to  process  oil  the  dry  blended 
phenolic  systems-  Of  the  three  promt?:  systems  preformed  (vet 
premises,  wet  premixes  B~st:aged,  dry  blended  systems)  only  the 
dry  blended  system  was  used  in  laminate  preparation  and  evaluation. 

The  wet  premix  systems  are  difficult  to  preform^  and  present  many _ 

difficulties,  such  as  resin"  and "glass  flow  during  the  longer  preform 
process.  The  second  method  was  effective  but  found  to  be  far  inferior 
to  the  calendering  process  which  was  subsequently  developed,  therefore 
it  fell  into  disuse. 

The  dry  blended  preform  is  a  low  strength,  friable,  fragile, 
wafer  which  is  still  highly  uncompressed.  It  was  determined  that 
if  quality  laminates  are  to  be  produced  from  dry  blended  systems, good 
preforms  were  necessary. 

IV. 3. 3.2.  Calender  Orientation 

IV. 3. 3. 2.1,  Prototype  Evaluation 

Calendering  of  dry  blends  and  epoxy  premixes  was  initially 
performed  by  depositing  the  premix  In  the  nip  of  the  6x3  barrel 
Birmingham  2-roll  mill  adjusted  to  rotate  at  4  fpm.  A  parting  film 
was  used- to  prevent  sticking  of  the  premix  to  the  calendering  rolls. 

.The.  premix  was-  .calendar ad.  between--  -%he=:-  part ih§  film  -  us-ihg-c 
Shoots  that  were  produced  in  this  manner  were  cured  in  an  oven  and 
molded  in  a  compression  press. 

SheetB  of  various  thicknesses  were  prepared.  Sheet  quality 
at  a  given  thickness  was  dependent  on  glass  content.  The  40-50% 
glass  content  premixes  formed  oriented,  smooth  sheets.  As  the 
glass  content  was  increased  to  60%,  the  calendered  sheet  thickness 
delaminated  immediately  after  calendering  to  a  thickness  larger  than 
the  rolls  gap  used.  At  these  glass  contents,  it  was  noticed  that 
the  glass  flakes  did  not  adhere,  allowing  air  voids  to  become 
dispersed  into  the  sheet  after  calendering.  Evidently  at  the  lower 
glass  contents  of  45-50%,  the  surface  tension  and  coverage  of  the 
renin  hold  the  flake  composite  together. 

Calendering  development  using  the  6x3  Parrel  Birmingham 
2-roll  mill  was  retarded  because  the  4  ft/min,  calendering  speed 
van  too  fast  to  allow  required  control  of  the  sheet  using  our  present 
(■•remix  systems.  A  hand  operated  2-roll  calender  was  constructed  to 
allow  calendering  speeds  which  would  be  slower.  The  process  consists 
>f  depositing  a  resin  wet  premix  from  the  Abbe  mixer  on  a  carrier- 
"ovtlng  film  which  passed  through  the  nip  of  the  calendering  rolls 
adjusted  to  a  desirable  gap. 

Using  the  new  small  calender,  0.004  in.',  0.009  and  0.040  in, 
(thickness)  sheets  containing  50%  glass  with  an  epoxy  binder  were 
calendared  and  cured,  A  parting  film  of  cellophane  wna  used  during 
the  operation.  The  epoxy  premix  was  not  degassed,  and  as  a  renuit, 
the  sheets  formed  had  characteristic  air  inclusions.  The  calendered 
sheet:  expanded  after  leaving  the  nip  of  the  rolls.  The  poor  cohesion 
of  the  resin  in  the  glass  promix  was  responsible  for  the  phenomenon. 
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In  Table  19  the  results  are  reported  which  were  obtained  when 
attempts  were  made  to  calender  dry  blended  premix  systems.  The  data 
shown  indicates  that  calender-orientation  of  dry  blends  to  be  a 
feasible  process.  The  calendered  sheets  were  cohesive  strips  which 
were  suitable  for  compression  molding.  This  phase  of  the  program 
was  not  continued  because  of  limitations  in  the  available  equipment. 
(The  2-roll  mill  was  not  suitable  for  processing  dry  blends  because 
the_relatively-,high-speed-of-the  -rollers  and -the  -deferential-speed 
of  the  rollers.  The  work  could  not  be  continued  using  the  new 
roller-orientation  assembly  because  the  rolls  were  wood  and  could 
not  be  heated. ) 


The  combination  of  a  low  glass  flake  degradation  resin  blending 
process  and  orientation-compression  process  for  dry  blended  mixes 
should  be  evaluated  further,  we  believe  that  higher  tensile  value# 
could  be  obtained  if  non-degraded  flake  were  present  in  the  laminates. 
This  process  combination  offers  an  opportunity  to  obtain  flake 
laminates  of  higher  quality, 

XV. 3.3. 2.2.  Roller  Calendering 


The  feasibility  of  orienting  different  thicknesses  of  sheet 
using  the  roller-calender  and  the  effect  of  glass  flake  concentration 
upon  process  applicability  indicated  that  roller  calendering  would 
be  a  suitable  process  for  glass  flake  premixea. 


thickness  B-stage  calendared  sheets *  A  complete  flake  sie*- 
but ion  study  using  classified  flake  was  then  performed  to  evaluate 
process  induced  flake  degradation  levels.  This  study  is  presented 
later  in  this  report. 


The  calendering  orientation  process  produces  flat  sheet  materials 
using  the  assembly  illustrated  in  Sketch  3  and  Photograph  3. 

A  modification  of  the  above  technique  eliminated  the  use  of  the 
ram  extruder  feed  mechanism  to  deposit  the  glass  on  the  parting  film. 
The  loose  non-orionted  glass  flake  was  hand  packed  on  the  conveyor¬ 
parting  film.  The  flake  was  laid  in  a  continuous  strip  7"-8"  wide 
and  l/4"-l/2 "  thick. 


Flat  oriented  wet  flake  premises  which  had  been  processed  to 
i/16"  thickness  were  reprocessed  through  the  roller  assembly  with 
reduced  nip  clearance  to  produce  sheets  as  thin  as  1/64"  thick. 

Many  batches  of  epcxy-glass  flake  blended  in  glass  flake  con¬ 
centrations  of  50%,  60%  and  70%  have  been  processed  by  calendering. 
Batches  of  epoxy-glass  flake  (50/50)  blends  that  have  bean  processed 
by  calendering  into  sheets  of  several  thicknesses  exhibited  excellent 
orientation  of  the  glass  flakes.  Laminates  0.150"  thick  have  been 
produced  from  multiple  layers  of  their  calendered  sheets  which 
exhibited  no  visible  signs  of  disorientation  and  no  flow  or  knit 
lines.  The  laminates,  exhibited  the  most  transparency  of  any 
produced  in  this  program. 


Some  of  the  physical  tost  data  obtained  from  the  highly  oriented 
50/50  epoxy-glass  laminates  produced  from  calender-rolled  Ii-afcage 
sheet  material  are  presented  in  Table  20, 

Glass  flake  epoxy  resin  blend  (60/40)  were  calendered  and  sheets 
of  the  material  molded  into  3/16"  laminates.  The  flat  laminates  were 
free  of  entrapped  air  and  are  highly  oriented.  The  specimens  exhibit 
noire- o f “the  pear 1“ opa 1 e seen ce“ “a s socla ted  with  mis-orientation  or 
non-wet  out  flakes. 

The  70/30  glass  flake  epoxy  resin  blend  was  calendered  into 
sheets  1/16"  and  1/32"  thick.  The  B-stage  sheet  produced  by  the 
70%  blends  were  not  the  compacted  transparent,  uniform  sheet  obtained 
from  processing  lower  glass  content  premixes.  The  batch  did  compress 
but,  because  of  the  high  glass  flake  content,  once  it  was  past  the 
last  roll  it  became  a  relatively  loose  oriented  sheet.  Apparently, 
the  higher  glass  content  adversely  Effected  the  handling  characteristics 
of  the  B-stage  sheet. 

To  determine  if  the  high  quality  of  the  laminates  which  have  been 
molded  could  realistically  be  attributed  to  the  use  of  the  oriented, 
flat  B-stage  sheets,  the  oriented  B-stage  sheets  were  divided  into 
equal  parts.  The  flat,  oriented  B-stage  sheets  were  dielectrically 
heated  for  a  uniform  period  of  time.  The  dielectric  treatment 
softened  the  B-stage  resin  to  produce  pliable  sheets.  One  pile  of- - 
shaate  was  carefully  planed  In  the  »Md  to  ensure  that  the  glass  flake 
orientation  was  undisturbed  prior  to  mold  closure  and  cure.  The 
30/50  glass  flake-epoxy  laminate  produced  was  free  of  all  visual 
defects  such  as  dia-orienfcation  of  flake  or  air  entrapment. 

The  second  group  of  oriented  sheet  was  rolled  into  a  ball  by 
hand  prior  to  being  placed  in  the  mold.  The  balling  of  the  flat 
sheets  prior  to  cure  produced  relatively  poorer  quality  laminates. 

The  laminate  was  still  transparent  and  free  of  entrapped  air  bubbles 
but  many  dis-orlented  flow  lines  and  pearly  opalescent  areas  denoting 
mis-orientation  were  visible. 

The  results  indicate  that  elimination  of  turbulent  flow  during 
molding  through  use  of  oriented  B-stage  sheets  produces  laminates 
which  are  virtually  free  of  all  mechanical  defects. 

In  Table  21,  the  effect  of  this  processing  had  upon  the  glass 
flake  sine  distribution  of  the  premix  and  resultant  laminates  is 
shown.  The  data  indicates  that  calender-orientation  is  a  non-flake 
degrading  process  and  produces  visually  superior  laminates. 

IV. 3, 3. 2. 2. 1.  Thickness  Study 

The  parting  paper  may  be  removed  from  the  roller  oriented  wet 
sheets  if  the  sheet  material  is  cooled  below  lO^F.  The  cohesive 
strength  of  the  sheet  is  increased  so  that  handling  during  subsequent 
processing  is  less  difficult.  Laminates  have  been  molded  containing 
7-8  layers  of  wet  non-B-stage  sheets  processed  in  this  fashion. 
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Regardless  of?  non-uniformity  of  sheet  thickness,  the  quality 
(orientation  of  flake,  freedom  of  visible  flaws  and  entrapped 
air  bubbles,  color  and  lack  of  opacity  or  pearl  opalescence)  of 
the  molded  laminates  was  superior  to  laminates  of  equal  thickness 
produced  from  the  loose  bulk  premix. 

- Preliminary- -physios  1—  test-data-  obtained  from  two  -laminates - 

are  presented  in  Tables  23  and  24.  Examination  of  the  preliminary 
data  reveals  that  a  significant  increase  in  tensile  strength  and 
compressive  modulus  have  been  realized.  The  increaeed  tensile 
strength  is  still  below  the  25,000  psi  value. 


IV. 3. 3.2.2. 2.  Conclusions 

Roller  calendering  has  been  developed  to  a  high  degree  of 
effectiveness,  capable  of  continuously  producing  oriented  compressed 
glass  flake  sheet  material.  The  versatility  of  the  technique  is 
sufficient  to  permit  processing  a  range  of  sheet  thicknesses  without 
effecting  glass  flake  size  orientation.  The  processed  sheet  may  be 
B-staged  prior  to  lamination  although  an  effective  means  of  laminating 
wet  uncured  sheets  has  been  developed. 

- The  visual  quality  of  the  laminates  produced  from  wet  and 

iJ-stage  calender  oriented  sheet  nta tor ia Is  are  noticeably  superior . . 

to  similar  laminates  processed  through  other  mechanisms  or  techniques. 

Indications  have  been  obtained  that  this  process  could  be  an 
effective  means  of  producing  molding  materials  capable  of  molding 
complex  shapes  such  as  radomes,  rocket  exhaust  nozzles  and  practice 
nose  cones  and  a  wide  variety  of  products  requiring  superior 
dielectric  properties  which  would  be  free  of  most  of  the  flake 
disorientation  and  flow  line  problems  now  encountered  in  most  glass 
flake  molding. 

Optimization  of  the  calendering  technique  requires  that  the 
reduction  of  nip  calender  roll  clearance  between  successive  pairs 
of  rollers  be  gradual.  Therefore,  to  Increase  the  effectiveness 
and  efficiency  of  the  assembly  the  number  of  pairs  of  calendering 
rolls  should  be  increased  to  permit  this  gradual  reduction  in  nip 
clearance.  An  assembly  with  ten  pairs  of  rolls  is  presently  believed 
to  be  adequate.  The  first  two  pairs  of  rolls  would  be  corrugated- 
metering  rolls  permitting  the  direct  addition  of  non-oriented  flake 
from  the  mixer  onto  the  conveyor. 

The  rate  of  decrease  in  nip  clearance  is  critical.  The  glass 
flake  resin  system  as  it  passes  through  the  nip  roll  is  compressed. 

If  the  nip  clearance  is  decreased  more  than  1/16",  a  heavy  resin- 
flake  bead  or  wave  forms  on  the  feed  side  of  the  roll.  The  effect 
of  the  bead  is  two-foldi  (1)  the  turbulence  in  the  bead  causes 
breakdown  in  glass  flake  particle  size  and  (2)  it  increases  drag 
on  the  roller  assembly. 
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The  processing  of  all  these  systems  was  accomplished  with  no 
difficulty.  Control  of  roller  nip  clearance  and  redesign  of  some 
of  the  components  of  the  assembly  have  eliminated  many  of  the 
mechanical  problems  previously  reported, 

IV. 3. 3. 3.  Dielectric  Preheating 


Dielectric  preheating  has  shown  unusual  usefulness  for  preheating 
of  many  industrial  thermosetting  compounds.  The  use  of  dielectric 
preheating  has  made  the  technique  of  transfer  molding  thermosetting 
compounds  feasible,  it  has  been  speculated  that  the  use  of  dielectric 
preheating  of  glass  flake  premixes  would  result  in  cured  laminates 
with  greater  uniformity  of  physical  characteristics.  Heat  transfer 
properties  and  temperature  gradients  throughout  the  part  being  molded 
differ  widely  when  thick  sections  are  molded.  Thia  results  in  a 
cured  piece  that  has  mechanical  properties  that  may  vary  with  the 
part  thickness,  i.e.,  the  center  may  be  undercured  and  be  very  weak, 
while  the  outer  edge,  having  been  cured  normally,  would  exhibit 
predicted  properties. 

The  Futuramic  Molded  Products,  Hartford,  Connecticut,  cooperated 
in  permitting  a  few  preliminary  teats  and  a  brief  study  of  the 
usefulness  of  a  dielectric  heater  at  their  facilities.  Since  the 

productlonplantwas  not  equipped  with  test  facilities,  fche  re»u!t# - 

by  ntoewrvatimv-smd-  ^aamparatura  roadir^s^... _ — . — _ 

The  apcxy  dry  blend  containing  70%  glass  flaks  was  uniformly 
heated  to  170°F.  and  250°F.  in  20  and  60  seconds  respectively 
(Table  25).  A  temperature  of  300°F,  was  reached  in  150  seconds  with 
local  overheating,  as  indicated  by  scorching.  After  heating  for 
20  seconds,  the  premix  was  tacky  and  could  be  compressed  readily 
to  a  bulk  volume  about  twice  the  final  molded  volume.  After  heating 
for  60  seconds,  the  blend  could  be  further  compressed,  but  the  cure 
seemed  to  be  advanced  too  far  to  allow  any  time  for  process  handling 
or  making  satisfactory  preforms  (Table  26) . 

The  dielectric  heater  settings  for  the  dry  blend,  heated  the 
wet  blends  too  rapidly,  and  the  temperatures  attained  were  above 
300°F.  with  localized  scorching,  The  high  resin  content  became 
heated  at  a  higher  rate  than  did  the  lower  resin  content  mixes,  as 
illustrated  in  Figure  5.  To  retard  the  heating  rate,  an  aluminum 
spacer  was  placed  between  the  70%  glass  premix  and  the  electrode 
of  the  unit.  Thia  technique  proved  effective  in  controlling  the 
heating  rate. 

These  few  preliminary  tests  established  preheating  parameters 
and  showed  that  dielectric  heating  is  feasible  and  desirable  for 
making  usable  preforms  from  dry  blends  and  heating  thick  sheets  of 
wet  mix  to  a  uniform  curing  temperature  before  applying  pressure 
in  a  heated  press. 
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Figure  5 


Temperature  of  Glass  Flake -Epoxy  Samples 
vs.  Exposure  Time  in  Dielectric  Heater 
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TABLE  26 

SUMMARY  OF  RECOMMENDED  MOLDING  PARAMETERS  FOR  EL-15  SERIES 


Preforminq 

Moldinq  Cvcle 

PT 

P0 

Pp 

Cip 

|  c0 

M^i 

m9 

Mp 

160-170 

15-30 

200-250 

240-370 

a 

240-370 

2 

30 

KgJii. 


Px  *  Preforming  temperature,  °F.  _ _ _ _ _ _ ..  _ . 

P9  ='  Preforming  time ,  seconds 
Pp  <=  Preforming  pressure,  psi 

C0  =  Time  in  which  preformed  dry  blend  is  allowed  to  come  to 
molding  temperature  at  contact  pressure,  subsequently 
referred  to  as  contact  time,  minutes. 

Cj  a  Contact  temperature 

mt  =  Molding  temperature,  °F. 

Mg  »s  Molding  time,  hrs, 

Mp  =  Molding  pressure  on  4  1/2  inch  ram,  tons 
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IV. 3. 3. 3.1.  Conclusions 

The  dielectric  heater  (Photograph  4)  wag  used  throughout  the 
later  portion  of  the  program  and  was  found  to  be  a  very  effective 
process  tool.  The  heating  of  premix  charges  and  oriented  sheets 
_ia  the  dielectric  heater  has  proved  to  be  vastly  superior  to  relying 
upon  mold  dwell  time  to  preheat  the  laminates.  The  laminates- are 
effective  insulators  and  do  not  conduct  heat  readily.  Therefore, 
dwell  time  preheating  often  results  in  premature  and  local  resin 
cure.  This  problem  is  eliminated  through  proper  use  of  the  dielectric 
preheater. 

IV. 3. 3.4.  Extrusion 

The  purpose  of  this  phase  of  the  program  was  to  determine  the 
feasibility  of  using  extruders  to  process  preformed  glass  flake 
shapes.  Cure  of  the  preforms  could  be  accomplished  at  the  time  of 
extrusion  or  in  a  later  process  step. 

The  advantages  of  such  a  process  would  be  continuous  production 
of  an  intricate  shaped  profile  which  is  a  finished  or  semi- finished 
product..  If  delayed  cure  of  the  shape  were  possible,  cure  after 
insulation  and  even  resin  bonding  to  the  total  component  may  have 
been  possible,  —  -  . — .  - 

The  process  -was  to  be  evaluated  using  a  spiral  screw  extruder 
and  a  ram  extruder  (injection  mbldar) .  The  use  of  two  extruder 
systems  would  permit  comparison  of  the  degradation  effects  of  the 
process  upon  the  glass  flake  premix. 

The  extruders  were  to  be  used  with  premixed  systems  and  not 
as  methods  of  blending  flakes  with  resin  binders. 

Investigation  of  the  applicability  of  extrusion  of  glass  flake 
premixes  with  thermosetting  binders  was  evaluated  with  the  two 
separate  development  trials. 

Approximately  2000  grams  of  a  50%  glass  flake-polyester  resin 
premix  was  prepared  in  the  Abbe  mixer  for  three  test  runs  in  the 
1-1/2"  MPM  extruder.  Photograph  5  shows  the  equipment  used.  (In 
the  picture  is  a  pipe  die  and  the  3j1  compression  ratio  used  screw 
during  the  study.)  The  polyester  premix  used  consisted  of 
Laminae  4128  (American  Cyanamid)  and  benzoyl  peroxide,  1%  (Cadet 
Chemical  Company).  This  premix  waB  extruded  in  the  following  shapes t 

(a)  Sheet  -  a  3  inch  adjustable  thickness,  right  angle  die  was 
used.  Sheet  could  not  be  extruded  continuously  at  any 
thickness  from  0.016  to  0,040  and  at  four  screw  speeds, 
the  difficulty  being  that  the  extrudate  would  not  cohere, 
and  also  that*  the  material  extruded  intermittently  from 
various  sections  of  the  3  inch  slit. 


Thermo  11  Dielectric  Heater 


One  and  One -half  Inch  MPM  Extruder 
With  Pipe  Die  and  3:1  compression 
Ratio  Extruder  Screw 
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(b)  Hollow  Pipe  -  n  one-inch  dici.ne ler  right  angled  pipe  die 
with  mandrel  was  used  to  attempt  to  extrude  a  hollow 
pipe  continuously.  The  same  difficulties  experienced 
with  extrusion  of  sheet  were  also  encountered  here; 
the  extrudate  was  not  self-supporting. 

(c)  Solid  Rod  -  a  3/16  inch  diameter  rod  die  was  then  installed 
- on  the  extruders —  Extrusion-  of  “this- solid- shape" 'was^oro 

successful  than  the  other  shapes  investigated.  A  con¬ 
tinuous  rod  was  extruded  for  a  short  period.  (Extrusion 
was  too  erratic  to  obtain  rates.)  screw  speeds  of  13  rpm, 
39  rpm,  and  78  rpm  were  used.  The  extruded  rod  had  a 
fluffy  appearance  because  of  low  die  pressures,  bridging 
of  tha  premix  in  the  metering  zone  of  the  extruder  screw, 
and  poor  cohesion. 

The  attempt  to  extrude  a  polyester  glass  flake  premix  through 
a  sheet  film  die,  a  tubing  die,  and  a  rod  die,  was  unsuccessful 
because  of  poor  cohesion  of  the  glass  flake  premix  after  extrusion. 

It  was  postulated  that  the  use  of  a  smaller  glass  flake  size  in  the 
premix  would  aid  in  the  obtainment  of  a  better  extruded  shape. 
Additionally,  low  die  pressures  were  believed  responsible  for  poor 
compacting  of  the  premix  during  the  former  trial.  An  extruder  Bcrew 
with  a  higher  compression  (5:1)  ratio  was  obtained  and  a  device  to 
force  feed  the  first  feed  zone  of  the  extruder  was  fabricated  and 
installed* (An  extruder  screw  with  a  low  compression  ratio  of  3t.l 
was  used  for  the  first  trial;  premix  feeding  difficulties  had  been 
encountered  at  this  time.) 

For  this  study,  a  premix*  containing  50%  of  -16  mesh  glass  flake 
with  an  epoxy  binder  was  extruded  through  the  3/16  inch  diameter  rod 
die  which  had  shown  the  meet  promise  during  the  last  run. 

The  premix  was  extruded  continuously  at  ambient  temperatures, 
at  rates  of  2.3  and  52  pounds  per  hour.  At  both  the  high  and  low 
rates,  the  extrudate  had  poor  self-cohesion.  At  the  2.3  lb, At. 
rate,  unhomogeneous  extrusion  of  the  premix  was  observed,  while 
extrudate  uniformity  at  the  52  lb.Ar.  rata  appeared  excellent. 

The  force  feed  mechanism  operated  satisfactorily  assuring  constant 
feed  to  tha  feed  zone  of  the  extruder  screw.  The  extrusion  operation 
was  carried  out  at  ambient  temperatures  to  prevent  polymerization  of 
the  thermosetting  premix  within  the  extruder  barrel.  Although  the 
rod  die  used  was  equipped  with  heaters,  these  were  not  used  since 
a  one  hour  retention  at  the  curing  temperature  would  have  been 
necessary  to  induce  polymerization  of  the  premix  to  render  it  solid. 

Table  27  presents  operating  data  for  this  run. 

Photograph  6  illustrates  the  appearance  of  the  glass  flake  mix 
as  it  is  extruded  through  the  rod  die.  Photograph  7  shows  cured 
extrudate  yields  from  the  3/16  inch  diameter  rod  die. 


*  Refer  to  Table  27  for  formulation 


TABLE  21  r 
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Extrudate  Appearance  After 
Extrusion  and  Curing 
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To  determine  the  applicability  of  injection  molding  glass  flake 
reinforced  plastics,  a  Van  Dorn  injection  molding  machine  pictured 
in  Photograph  8  was  modified  for  developmental  tests.  The  Van  Dorn 
injection  molder  is  designed  for  the  rapid  molding  of  thermoplastic 
resins.  Inasmuch  as  thermosetting  resins  were  being  used  as  binders, 
the  following  modifications  were  made: 


All  the  band  heaters  which  preheat  the  molding  compound  in  the 
preheat  barrel  prior  to  injection  into  the  heated  mold  were  dis¬ 
connected.  This  action  was  taken  to  prevent  polymerisation  of  the 
thermosetting  resin  system  within  the  barrel.  The  die  only;  as  ASTM 
standard  tensile  bar  configuration,  was  heated.  The  clamping  head 
which  houses  the  sprue  and  sprue  bushing  was  not  heated  in  order  to 
prevent  conduction  of  heat  to  the  injection  nozzle. 

A  premix  containing  50*  glass  flake  and  50*  Laminae  4128 
{American  Cyanamid)  polyester  resin  catalyzed  with  2*  benzoyl 
peroxide  was  used  for  the  trials. 

The  factors  of  short  cure  time  and  long  pot  life  were  the  basis 
for  choosing  this  resin  system  over  any  epoxy,  phenolic,  or  siliaone 
resin  binder.  * 


-  The  normal  cycling  of  this  injection  molding  machine  is  as  — _ T 

^follcwifc--.:^ile,tieed;-jdiermQplafttic,:.£eain...J.a..sto£ed..in.  a.ehajab*r.tOr-  •... . 
the  rear  and  above  the  preheat  barrel.  At  a  preset  cycle  time,  the 
4»J»et:ion  -withdrawa  -beyond  the  bottom  of  the  feed  hopper  and  me  '  ■  ■ 
allows  a  aartain  volume  of  thermoplastic  to  enter  the  heating  barrel. 
During  the  remainder  of  the  cycle,  the  resin  is  advanced  by  the 
intermittent  plunger  action  through  the  heating  barrel  and  rendered 
molten.  At  the  last  stage  of  the  cycle,  the  two  heated  die  faces  are 
clamped  together  under  pressure  and  the  ram  injects  a  fixed  charge  of 
molten  resin  through  the  sprue  bushing  into  the  die  which  is  at  a  lower 
temperature  than  the  preheat  barrel.  The  molten  resin  then  "freezes" 
in  the  die  and  is  automatically  ejected  from  the  die.  Production 
capacity  of  this  machine  ranges  from  20-60  molded  parts  per  hour 
depending  upon  the  resin  used  and  the  molded  weight  of  each  part. 


During  the  trial  run,  difficulties  were  encountered  in  the 
feeding  of  the  prsmix  in  the  barrel  of  the  machine.  The  material 
continually  bridged  and  had  to  be  forced  into  the  barrel  cavity  by 
hand.  After  the  barrel  of  the  unit  had  been  filled  with  premix, 
it  wae  injected  into  the  clamped  tensile  bar  mold  and  cured  for  a 
period  of  10  minutes.  When  the  die  was  opened,  it  was  observed  that 
the  fill  of  the  tensile  bar  cavity  by  the  premix  was  insufficient. 
Additionally,  the  premix  had  cured  in  the  sprue  and  sprue  bushing 
even  though  the  sprue  bushing  was  not  heated.  The  exothermic  curing 
of  the  premix  in  the  die  had  evidently  propagated  curing  in  the 
injection  nozzle  of  the  machine.  {Ordinarily,  with  a  thermoplastic 
resin,  the  filled  sprue  cavity  is  ejected  with  the  finished  part.) 

In  this  case,  several  hours  were  required  to  disassemble  and  remove 
hardened  laminate  from  the  sprue  bushing.  Table  28  presents 
operating  data  for  the  trial  run. 


Photograph  8 
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Van  Dorn  Injection  Molding  Machine 
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In  conaiduratlon  of  thu  operating  difficulties  experienced,  it  was 
concluded  that  injection  molding  machines  are  probably  incompatible 
with  thermosetting  plastics  requiring  lengthy  curing  times.  Work 
was  discontinued  on  this  phase. 


IV. 3. 3. 4,1.  Conclusions 


The  extruder  runs  performed  demonstrated  that  this  method  of 
fabrication  at  glass  contents  used  was  not  feasible,  The  polyester 
arid  the  epoxy  binders  used  typify  the  handling  characteristics 
encountered  with  premixea  made  from  any  of  the  four  resin  systems 
under  study.  Poor  cohesion  of  the  extrudate  when  formed  into  sheet, 
hollow  rods,  tensile  bare,  or  solid  rod  shapes  has  been  the  principal 
problem.  Long  thermoset  resin  cure  compared  with  the  normal  thermo¬ 
plastic  rapid  cooling-hardening  properties  also  presents  major 
problems. 


In  essence,  complete  machine  redesign  would  be  necessary  to 
extrude  thermosetting  compounds.  For  these  reasons,  it  is  concluded 
that  the  process  of  extrusion  of  thermosetting  glass  filled  compounds 
is  not  amenable  using  standard  thermoplastic  extruding  machines. 
Development  work  on  the  extrusion  phase  was  discontinued  as  a  result 
of  these  poor  results.  This  abandonment  permitted  additional  emphasis 
on  process  development  for  techniques  having  greater  potential  iri 
jaanuf ftfiturei 


[fcirfitL 
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The  work  described  in  this  section  encompasses  the  experimental 
and  pilot  plant  development  of  the  use  of  glass  flake-resin  mixtures 
in  conventional  plastic  processes.  Screening  experiments  with 
compression  molding,  rotational  molding,  centrifugal  casting  and 
extrusion  are  reported.  As  a  result  of  these  studies,  extensive 
pilot  plant  effort  was  expended  in  developing  useful  compression 
molding  and  centrifugal  casting  processes.  The  developments  coupled 
with  our  success  in  devising  intermediate  steps  of  mixing  and  flake 
orientation  led  to  the  preparation  of  high  quality  laminates. 


IV. 3.4.1.  Compression  Molding 

The  bulk  of  the  laminates  described  in  this  report  were  produced 
by  various  compression  molding  processes.  All  but  two  of  the  complex 
molded  items  reported  in  Phase  III  were  also  compression  molded. 
Compression  molding  consists  essentially  of  placing  premix  into  an 
open  heated  mold  cavity,  closing  the  mold  and  applying  pressure  to 
tho  premix  causing  orientations,  compression  and  cure  of  the  system. 


IV. 3. 4, 1.1,  Thickness  Study 


The  objective  of  this  phase  was  to  study  the  molding  charac¬ 
teristics  and  the  mechanical  properties  of  simple  flat  slabs  com¬ 
pression  molded  from  glass  flake  reinforced  premixee  using  either 
epoxy,  polyester,  phenolic,  and  silicone  resins  as  binders.  Thick¬ 
nesses  of  the  slabs  ranged  from  1/16  inch  to  2  inches,  (Photograph  9). 
Two  glass  contents,  50%  and  70%,  were  used  in  the  premixes. 
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This  study  was  performed  with  non-or tented  preformed  materials. 

A  similar  study,  using  roller  calendered  shoots  having  nearly 
completely  oriented  flake  was  performed  late  in  the  program. 

The  reasons  for  this  study  are  several  fold:  (1)  there  are  no 
published  data  relating  to  the  molding  of  glass  flake  reinforced 
plates  thicker  than  3/4  inch.  (2)  The  mechanical  strengths  of  varied 
thlcknes's  moldings  would  have  to  be  determined  for  ultimate  design 
use.  (3)  An  objective  of  the  program  is  to  determine  whether  thick 
pieces  could  be  produced.  Many  industrial  plastics  cannot  be  produced 
in  sections  thicker  than  one  inch  because  of  loss  of  physical 
properties  from  exothermic  overheating  and  stress  cracking  during  or 
immediately  after  molding. 

A  standardized  mixing  technique  was  used  to  prepare  glass  flake 
premixes  for  the  four  resin  systems  evaluated  except  as  noted  later 
in  the  text.  A  preweighed  charge  of  resin  and  catalyst  were  mixed 
in  a  five-gallon  Abbe  blender  until  homogeneous  (about  1/2  hour). 

The  glass  flake,  in  the  appropriate  weight  to  provide  a  50%  of  70% 
(weight)  glass  content,  was  added  slowly  to  the  fluid  resin  in  the 
Abbe  blender.  Mixing  was  continued  at  a  40  rpro  blade  speed  for  a 
period  of  30  minutes.  The  mixed  batch  was  discharged  and  prepared 
for  the  compression  molding  operation  either  preforming  of  the  premix 
into  thin  sheets  followed  by  B-staging  or  charging  the  bulk  premix 
d j^ctly  the  heated  mold.  The  latter techni^ua ~wMr -wad"  f  c^-— :~r. 

-prcm'ixes  in  which'-  the-  retrih'-bindgr  cotcl'd  -not  be  -  B~gfcaggd . (•pdlTcafigr/ 

silicone) , 

The  epoxy  resin  formulation  consisted  of  a  75/25  mixture  of 
Ddvoe.&  Raynolds-Jones  Dabney  Epi  Rez  510  or  509  and  504  cured  with 
Shell  Curing  Agent  Z,  a  eutectic  blend  of  amines.  The  50%  glass 
promix  was  prepared  in  the  5-gallon  Abbe  mixer  under  a  1  mm.  Hg 
(absolute  pressure).  After  mixing,  the  premix  was  discharged  into 
a  flat  1/8  inch  thick  sheet  and  allowed  to  cure  at  room  temperature 
overnight  to  the  B-atage.  The  sheet  was  then  broken  into  smaller 
pieces  and  charged  onto  a  Cumberland  granulator  with  a  1/2  inch 
punched  plate  discharge  screen.  The  granulated  material  had  the 
appearance  of  a  dry,  general  purpose  molding  powder,  which  was 
aubnoquontly  charged  into  the  preheated  7x7  mold.  (As  learned 
shortly  afterward,  this  material  could  be  dielectrically  preformed 
and  preheated  prior  to  molding  using  a  procedure  standard  for  many 
other  reinforced  molding  compounds.)  The  70%  glass  epoxy  premix 
was  molded  directly  in  the  7x7  mold  without  B~staging. 

The  same  mixing  technique  described  above  was  used  for  the 
polyester  system  except  that  the  vacuum  employed  was  reduced  to 
20  mm,  Hg  absolute  pressure  (to  prevent  "boiling"  off  of  the  higher 
vapor  pressure  components  of  the  polyester  resin  system.) 

Since  polyester  resins  under  investigation  cannot  be  B-staged 
to  a  hard  material  capable  of  being  reheated  and  cured  as  can  the 
epoxy  resin  system,  the  resin  wet  premix  was  molded  after  discharge 
from  the  Abbe  mixer.  The  required  amount  of  glass  flake  reinforced 
premix  was  charged  into  the  preheated  mold  and  molded  at  the  pre¬ 
determined  curing  cycle.  The  polyester  glass  flake  prcinixeD  have 
been  consistently  more  difficult  to  mold  because  of  high  resin 
dm in-off  and  have  also  given  repeatedly  poor  tensile  properties 


ill 


U;  .'.in  a  ten 


;•  cav.yc.riiiK  -c 


v.il  ClVO'fc 


Xw.a;;.n;!  co:;. 


•->  i  * 


A  solution  of  phenol;! He  resin,  Union  Carbide  bLfknXO,  u  . 

to  coot  o la ;;  fisher,  in  tW  (Jk  i.bbo  blonder.  He  vc:o\"",\  - 
during  mixing  to  prove  nt  :  soil  vent  losses.  Subeoo.vant  :;olv;:ic  -c-.-. 
rrrn  the  prcjn.ix  by  air  cii. 'remain  ting  ovena  end  dielectric  grab.:' i in; 
did— nofc-Go^pletc^ly— --traces- ayf-isola/cnt . '  “'.To  o'  r  .xh-r::,  'oTrnu' 
molded  ports  of  the  proiW.isesj  exhibited  blistering  and  do  lamination, 
b-ncha sis  was  redirected  totto  -the-  use  of  dry  blending  technique  a  to 
prepare  blister-free  phincanolric  glass  flake  laminates. 


Glass  flake  was  adksa)  -fco  a  Patter son-Kbllcy  v  blender  and 
tumbled  for  a  period  ofortw  hour  prior  to  addition  of  the  resin  to 
develop  a  static  charge,  t.  pulverised  phenolic  resin,  nesinox  RI  4009 
(Monsanto  Chemical  Company)  wao  then  added.  A  two-hour  dry  blending 
time  was  used. 

The  dry  blended  phcnonoldlc  glass  flake  promisees  which  were  prepared 
v/ero  loose,  fluffy,  and frtecgllc,  To  permit  molding,  the  loose  non- 
oriented  mass  was  prefotnaniad  into  fiat  wafers.  The  wafers  were  pre¬ 
pared  in  a  9 11  x  9"  box  itoJold  at  the  preforming  conditions  of  17CTF,, 
under  200  pel  pressure  toot  ao  to  30  seconds. 


...  wafers  approxfmaAolLv  ly'Sl—thick-viara. -obtained  when  the  3-  deep 

cavity  of  the  9 11  x  9.'! ...?3flList mcald-^were  .filled.; to-. capacity.-witih-thft'-lwBBS- - - 

premix. 

A  100%  solida  siliMrTQM  rasin ,  Dow  Corning  DC  7145,  catalysed 
'with  3%  dicumyl  per  ox  id;  0  jterculeo  Powder  Company)  was  the  basic  resin 
of  the  formulation  used,  frie  blender  jacket  was  heated  to  a  temperature 
of  150°F .  after  the  dicayfmyl  paroxide  had  been  dispersed  in  the  resin. 
Silicone  based  premixes  ra^ere  molded  by  direct  charging  into  the  mold 
cavity.  Excessive  resin fl  flow  of  this  system  prevented  preforming  in 
the  v/ot  state,  while  lengttgdiyr  resin  cure  times  made  B-staging  impracti¬ 
cable. 


Early  attempts  to  uolbld  a  50%  glass  flake-silicone  resin  premix 
were  unsuccessful.  Appwarentcly,  an  inhibition  of  curing  of  the 
silicons  resins  was  respwonsi_ble  for  the  test  molding  of  laminates 
having  very  poor  strength®^,  It  is  believed  that  a  lag  between  the 
time  of  mixing  the  premix  aamd  the  time  of  molding  was  responsible 
for  the  observed  lack  ofp|  proper  curing,  successful  molding  of  the 
silicone  premixes  was  perfbfor-xned  immediately  after  its  preparation 
end  with  extreme  care  tstetsen  to  exclude  air  from  the  mix. 

IV.  3.4. 1. 1. 1.  Compress  ion  ion  Molding  of  Glass  Plake 
_ _ _ _ Premixes  fexror  Thickness  Studies  _ 

In  Table  29  curing  pa  laarajnc ter  s  are  presented  for  each  of  the 
resin  binder  systems  used,  ,1,  in  most  cases,  manufacturers'  recommended 
'.  ■■•ring  procedures  were  fol  tallowed . 
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previously  experience  feed  problems  of  incomplete  cure  of  silicone 
:oinp  l;cs  were  resolved  tytay  a.  old  ing  premixes  immediately  after  nixing 
:•••  rsby  limiting  catalyst  ;fc  gradation  by  minimising  exposure  cl  the 
r.-.i’.i;;''  to  air. 


B5 


I  X°  K° 


li 

1 

4 


The:  silicone  resin  systems  were  molded  in  the  7"  x  7"  com- 
press  ion  mold  mounted  in  tho  wntson-Stlllmnn  press.  The  rosin  binder 
system  (Dow  Corning  1,-7145)  exhibited  a  tendency  to  stick  to  the 
chrome-plated  polished  mold  surfaces,  necessitating  repeated  moldings 
to  produce  acceptable  laminates.  The  wet  non-oriented  loose  resin 
glass  flake  mass  was  charged  directly  into  the  hot  mold  and  cured 

u3ing__thG  following  conditions; _ 45Q  pounds  pressure  (on  the _ 

4-1/4"  Rail)  ;  mold  temperature,'  300^.;  time,  3  hours  (2"  or  thicker 
cured  4  hours) .  Relatively  low  molding  pressures  wore  used  because 
excessive  drain-off  of  the  very  fluid  silicone  resins  was  encountered 
at  higher  pressures, 

Laminates  ranging  in  thickness  up  to  2-3/4"  have  been  prepared. 

The  2-3/4"  laminate  is  the  thickest  compression  molded  unit  produced 
to  date  and  weighs  approximately  six  pounds.  This  is  the  same  weight 
range  as  the  1-3/4"  -  2"  thick  epoxy  and  polyester  glass  flake 
laminates,  indicating  that  the  bulk  density  is  adversely  affected 
by  the  low  molding  pressures. 

Compression  molded  flat  sheets  utilizing  Resinox  RI  4009 
(Monsanto  Chemical  Company)  pulverized  phenolic  resin  were  fabricated 
in  thicknesses  ranging  up  to  1-1/16"  for  the  50/50  systems  and  3/4" 
for  the  70/30  glass  flake  to  resin  blend.  The  laminates  were  pro¬ 
duced  by  layering  multiple  thin  (1/8")  oriented  preformed  wafers. 

Tho  proformed  wafer  stacks  wars  dielectrically  heated  until  the  resin 

van . fierihier-; . charged . and  ’ comprr'5STon^incfided  :ih:  'the 

9"  x  9".  box  mold. 

Tho  height  of  the  stack  of  18  preformed  wafers  required  to 
produce  the  1-1/6"  laminate  was  6-7  inches  high,  'The  stack  would 
riot  fit  into  the  dielectric  heater  or  the  square  open  mold.  Therefore, 
the  stack  was  split  into  equal  parts.  The  first  part  was  dielectrically 
heated,  charged  into  the  mold  and  compression  molded  at  less  than 
100  psi.  The  second  stack  was  placed  into  the  dielectric  heater 
immediately  upon  removal  of  the  first  stack.  The  compression  mold 
was  opened  and  the  second  stack  added  to  the  open  mold  cavity. 

Molding  pressure  was  then  applied.  Time  lapse  between  charging  the 
first  and  second  lot  of  wafers  was  less  than  3  minutes. 

The  compression  molding  parameters  used  to  prepare  the  phenolic 
laminates  were?  dielectric  heating  time,  maximum,  90  seconds  for 
the  thicker  preformed  stacks,  45-60  seconds  for  thinner  stacks;  the 
molding  was  preformed  in  a  9"  x  9"  cavity  mold  mounted  in  the  Elmes 
press,  37  tons  pressure  (800  psi)  on  the  4"  raro  was  used.  Temperature- 
time.!  cycles  were  1  hour  at  250°P.,  1  hour  at  300°F.,  and  1  hour  at 
400 ’F.  The  mold  was  cooled  to  below  1S0°P.  before  opening  for  part 
r:-.  movnl , 


Dec nunc  of  equipment  limitations,  thicker  laminates  (1.5"  and 
2.0")  could  be  molded  in  the  50%  or  70%  glass  flake  phenolic  blond 
" 1  - 1:>  .  ,n .  The  9"  x  9"  compression  mold  cavity  is  3..  5"  deep,  the 
■  :  .dJ  ;ht  is  5-13/16"  and  the  compression  ram  plug  is  1-5/d"  in  length, 
o  v  ’-.ire  a  2"  laminate  in  the  50/50  glass  flake  phenolic  nyrdy  .n 
-  i  !i;.,,n  required  a  stack  of  wafers  approximately  11"  hl'-h  (before 
ion) . 


07. 


Additional  flat  lamina be 3  wore  prepared  using  the  preformed  dry 
blond  phenolic  glass  resin  system.  Those  flat  laminates  were  molded 
in  the  7"  x  7"  chrome-plated  mold  and  were  used  to  determine  the 
shrinkage  of  the  system.  Phenolic  laminates  which  were  made  in  the 
9"  x  9"  open  form  mold  were  not  suitable  because  of  mold  construction 
for  use  in  the  shrinkage  study.  _ _ 


,tv .3, 4, 1,1.2.  Preparation  of  samples  for  Mechanical  Testing 

It  was  noted  that  preparation  Of  specimens  cut  from  thicker 
slabs  required  the  shaving  of  the  samples  to  a  maximum  5/8"  thickness. 
A  Brown  &  Sharpe  Universal  Miller  equipped  with  a  spiral  slab  milling 
cutter  was  normally  used  to  machine  a  layer  of  equal  thickness  from 
both  sides  of  the  thick  slab  as  required  by  ASTM  procedures. 


Because  of  poor  laminate  quality  the  thicker  laminates  molded  in 
the  phenolic  (dry  blended)  and  silicone  resin  systems  were  not  sub¬ 
mitted  for  evaluation  of  physical  properties.  It  was  determined  that 
attempts  at  milling  these  sheets  to  reduce  the  thickness  to  conform 
with  test  specimen  size  requirements  result  in  major  visible  defects 
in  the  specimen.  In  soma  cases,  complete  destructive  delamination 
resulted,  for  example,  large  portions  of  the  laminate  were  pulled 
from  the  laminate  face  by  the  action  of  the  cutter  or  deep  cracks 
from  the  surface  into  the  laminate  were  formed.  -  •  r— — r 


The  phenolic  laminates  exhibited.  tendency  to  delamineta  in 
lay®*0?  -each  layer  interface  corraFSpOftding  to  the  preformed  wafer 
surfaces,  The  silicone  laminates  exhibited  a  tendency  to  delaminate 
in  email  sections  of  varied  thickness  leaving  large  craters  in  the 
.laminate  surface.  The  de lamination  apparently  occurs  in  areas  of 
disorientation  and  is  the  result  of  resin  failure. 


Sample  thickness  reduction  of  thick  molded  parts  using  a  milling 
cutter  produced  micro  chips  and  cracks  in  the  laminates  causing 
deterioration  of  strength  properties. 


Reviewing  data  in  Table  30  pertaining  to  the  EL-19  series, 
laminates  11. through  15,  there  is  evidence  of  a  correlation  of 
sample  thickness  (increases  from  .250  to  2.125)  and  tensile  strength 
(decreases  from  9,340  psi  to  5,200).  This  apparent  relationship  may 
in  fact  be  due  to  tiny  cracks  developed  in  the  test  specimen  during 
preparation,  since  there  is  no  other  correlation  of  strengths  to 
thicknesses  apparent  for  either  resin  binder  system. 


iv. 3. 4. 1,1, 3,  Physical  Properties  vs.  Laminate  Thickness 


In  Table  30  the  effect  of  molded  thickness  on  physical  properties 
is  summarized  for  the  epoxy  based  system  at  50%  and  70%  glass  content 
and  the  polyester  resin  based  laminates  at  the  50%  glass  content. 

During  preparation  of  the  70%  glass  laminate  samples  for  physical 
testing,  all  but  the  1/4  inch  thickness  moldings  cracked  or  delaminated, 
wo  were  unable  to  obtain  data  on  any  of  these  samples. 


In  general,  all  mechanical  properties  of  laminates  presented  in 
Table  3.1  are  lower  than  those  previously  obtained  for  thin  short*; 
(0.060-0.150  in  thickness).  The  low  strength  values  obtained  rvo 
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attributable  to  non-uniform  orientation  of  the  glass  flake  in  the 
laminate,  At  the  70%  glass  content  orientation  of  wet  mixes  is 
not  possible,  whereas  using  dry  blending  techniques,  flat  preformed 
oriented  sheets  can  be  produced.  VJe  believe  the  flake  orientation 
contributed-to-higher-machanical-properties, - -  -  -  - - 

The  physical  properties  of  the  flat  sheet  laminates  utilizing 
silicone  and  phenolic  resin  binder  systems  are  presented  in  Table  31 
and  shrinkage  study  data  is  presented  in  Table  32. 

Initial  analysis  of  test  data  indicated  that  the  phenolic 
laminates  PH2-2,  PH2-3,  and  PH3-1  exhibit  higher  tensile  strength, 
tensile  modulus,  flexural  strength,  and  flexural  modulus  than 
laminates  prepared  with  epoxy  resins.  The  compressive  strength  of 
these  laminates  are  lower  than  those  exhibited  by  the  epoxy  resin. 

The  high  tensile  and  flexural  results  were  unexpected  because 
the  poor  visual  appearance  and  milling  characteristics  of  the 
laminates  do  not  indicate  high  strength  properties.  The  surface 
of  the  phenolic  laminates  are  good  and  a  high  gloss,  smooth  surface 
is  obtained  giving  the  impression  of  a  resin  rich  layer.  The  center 
of  the  laminates  appear  to  be  highly  oriented  and  fully  compressed. 

*hf.. .outer  edges  are  of  poor  quality*,  being  opaque^  JPeiri:  opalescent , 
and  sometimes  resin-dry  and  re  sin-  r  ich  in  spots*  Examination  oTW 
edge#  of  the  laminate*  permits  easy  delineation  ofthe  individual 
inter-wafer  boundary  lines.  In  many  cases,  the  edges  were  not  fully 
bonded.  Even  in  the  better  laminates,  the  presence  of  an  apparent 
resin-rich  layer  between  wafers  was  noticed. 

The  tensile  strength  of  the  laminate  is  not  as  dependent  upon 
inter-layer  bond  strength  as  are  the  other  physical  properties 
evaluated.  The  potential  flexural  strength  range  is  only  indicated 
by  the  reported  values.  The  compressive  strength  and  shear  strength 
of  the  laminates  are  dependent  upon  inter-layer  physics  and,  therefore, 
are  poor  because  of  the  poor  inter-wafer  properties  exhibited  by  the 
laminates.  Match  metal  close  tolerance  molds  and  higher  laminating 
pressure  might  yield  higher  inter-wafer  strengths. 

IV. 3, 4. 1.2,  Dry  Blended  Premixea 

As  reported  earlier,  a  method  was  developed  by  which  glass  flakes 
could  be  coated  by  static  charge  inducement  with  a  pulverized, 
catalyzed,  B-stage  epoxy  resin  system..  It  was  felt  that  the  blending 
method  was  quite  satisfactory,  but  that  developments  in  molding 
techniques  were  necessary  to  produce  flat  cured  sheets.  It  has  often 
been  observed  that  apparently  poor  visual  quality  coincides  with 
poor  strength  properties  and  wide  variations  in  strengths.  Obstacles 
to  progress  in  obtaining  high  quality  sheets  from  dry  blends  were  .... 
resolved. 

The  most  important  variable  associated  with  the  product.1  on  of 
acceptable  quality  dry  blended  cured  laminates  was  the  molding 
pressure. 
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Using  a  compression  mold  and  high  molding  pressures  (30  tons  = 

740  psi)  resulted  in  the  preparation  of  void-free  clear  laminates. 

Resin  systems  were  developed  which  were  amenable  to  this  manufacturing 
process.  These  systems  had  to  be  pulverized  easily  into  fine  powders? 
free  from  reagglomerating  into  lumps  during  blending,  have  sufficiently 
low  flow  times  during  curing  to  aid  in  glass  flake  wet-out.  These 

characteristics  had.. to  be.  temper _ed_and  compatible  with_streng.th_and  _ 

toughness  criteria  in  the  final  laminate. 

A  study  was  started  to  determine  the  best  set  of  molding  conditions 
as  evidenced  by  laminate  quality  and  strength.  The  majority  of  the 
laminates  were  prepared  using  E-15  B-staged  epoxy  resis  system.  The 
solid  epoxy  resins  were  investigated  in  order  to  utilize  a  mechanical 
mixture  of  a  pulverized  resin  and  a  pulverized  hardener.  One  of 
these  systems,  Jones  Dabney  Epi  Raz  522,  a  solid  epoxy  with  a  65-70°C. 
melting  point,  combined  with  pulverized  metaphenylene  diamine  indicated 
more  promise  toward  increased  tensile  strength  values  than  the  E-15 
resin  system  previously  described. 

In  Table  33  the  molding  variables  are  summarized  for  the 
preparation  of  laminates  EL-15 -18  through  EL-15-38,  and  EL-25-1 
and  EL-26-1,  2.  Table  34  presents  tensile  strength  and  glass  content 
for  these  same  laminates.  A  summary  of  the  recommended  molding 
parameters  for  dry  blended  epoxy  premixes  that  evolved  from  the  study 
is  presented  in  Table  35.  ~  . .  '  “ 

Test  plates  were  apparently  void-free  according  totheir  density 
determinations.  Differences  in  visual  textures  were  probably  caused 
by  misorientation  of  the  glass.  These  differences  appeared  as 
slightly  opaque  spots,  lines  and  swirls.  Also,  a  few  of  the  visual 
.lin<33  and  spots  were  caused  by  "clumping",  that  is,  narrow  regions 
of  resin-glass  non-homogeneity  (Photograph  10).  Their  appearance 
is  similar  to  a  "knit  line"  which  is  produced  in  Injection  molding 
by  two  flowing  streams  meeting  and  not  fusing  entirely  at  the  contact 
points. 

The  tensile  values  of  the  test  strips  cut  from  the  molded  sheets 
were  encouragingly  high.  The  tensile  strips  were  visually  examined 
for  flaws,  especially  the  position  of  the  largest  flaw  in  the  strip, 
in  moat  cases,  the  position  of  the  largest  flaw  determined  the  point 
of  rupture. 

One  tensile  piece,  EL-23-4,  in  which  the  smallest  number  of  fJaws 
was  found,  had  the  highest  tensile  value  obtained  to  date  (22,900  lbs. 
per  aq.  inch) .  The  average  tensile  strength  values  of  the  teBt  strips 
from  EL-23-4  and  6  sheets  were  19,100  and  16,000  lbB.  per  sq.  inch, 
respectively.  The  average  flexural  strength  values  of  23,800  and 
28,400  lbs.  per  sq,  inch  were  low  for  corresponding  tensile  strength 
values.  (Flexural  strength  values  are  expected  to  be  twice  the 
tensile  strength  values.)  The  standard  deviations  of  the  tensile 
strength  values  varied  from  1,200  to  2,700  lbs.  per  sq.  inch.  No 
standard  deviations  were  calculated  for  the  flexural  strength  values 
as  less  than  five  samples  were  used  for  testing.  The  tensile  moduli, 
or  moduli  of  elasticity  values  in  tension,  varied  from  5.3  to 
7,1  x  106  lbs,  per  sq,  inch,  The  flexural  strength  moduli  values 
were  between  2,9  and  4,0  x  10®  lbs.  per  sq.  inch. 


30  £xe«l  fasti 


95 


TABLE  34 

GLASS  CONTENT,  LAMINATE  THICKNESS  AND  TENSILE 
PROPERTIES  OF  COMPRESSION  MOILED  DRY  BLENDS -EPOXY  BINDER 


1> 

Gi 

1* 

Gf 

T 

s 

<r 

h 

T 

_  jn_ 

...  f__ 

Laminate 

Thickness 

Inches  _ 

EL-15-18 

70 

70 

15.  3 

1.  60 

6 

5.  72 

1.5 

0.  100 

20 

50 

49.8 

14.  1 

2.  1 

5 

3.  67 

1.0 

0.  120 

21 

50 

49.6 

14.  0 

3.2 

5 

3,42 

0.6 

0.  050 

22 

60 

59.2 

10.3 

2.3 

6 

3.  50 

- 

0.  080 

23 

60 

59.7 

10.  1 

2.5 

5 

4.92 

- 

0.050 

27 

70 

70.9 

15.  0 

3.5 

5 

4.78 

0.48 

0.  040 

28 

70 

70 

13.7 

3.0 

6 

5.  54 

1.9 

0.040 

29 

70 

70 

12.9 

3.8 

6 

5.20 

- 

0.  040 

30 

70 

70.3 

12.9 

3.0 

6 

3.50 

0.  57 

0.  050 

31 

70 

70.5 

14.  1 

1.5 

6 

4.90 

0.  5.1 

0.040 

32A 

70 

70.4 

12,0 

- 

3 

4.52 

- 

0.  140 

32B 

70 

70.6 

10.  5 

3  . 

i,  62 

- 

0.  140  . . . . 

34 

80 

80.4 

13.2 

- 

3 

9.63 

- 

0.090 

37 

70 

69.6 

16.2 

3.9 

7 

5.48 

0.49 

38 

70 

70. 1 

15.0 

1.9 

7 

5.52 

0.77 

EL. 25-  1 

70 

- 

12,4 

» 

4 

6.39 

- 

EL- 26-1 

70 

- 

17,0 

2.2 

11 

- 

- 
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Supplement  to  Tabic  34 
95%  Confidence  Limits 


95%  CL 

95%  CL 

Tensile  Str.  x  103 

Tensile  Mod.  x 

EL  15-18 

17.0  f-i  13,6 

7.  34  4-9  4.  10 

EL  15-20 

16.7  «-*  11,5 

4.91  f-9  2.43 

EL  15-21 

18.0  10.0 

4.  16  4-9  2.68 

EL  15-22 

13.2  4-9  8.4 

-  ■ 

EL  15-23 

13,2  f-4  7.0 

- 

EL  15-27 

19.  3  4^4  10.  7 

5.38  4—»  4.  18 

EL  15-28 

16.9  4-9  10.5 

7.54  4-»  3.  54 

EL  15-29 

16.9  4-9  8.9 

- 

EL  15-30 

16.0  H  9.8 

4.  10  f-»  2.90 

EL  15-31 

15.7  4-9  12.5 

5.44  4-9  4,36 

EL  15-37 

19.8  4—9  12, 6 

5.93  4-9  5.03 

EL  15-38 

16.7  4-9  13.3 

6s  23  f111)  4,  81 

EL  26-1 

18.  5  <-9  15.  5 

«• 
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Key  to  Table  34 

1.  %  Gi 

Weight  per  cent  of  glass  flake  formulated  in  dry  blend. 

2--  %  Qg - - - — " - - - 

Weight  percentage  of  glass  flake  in  final  laminate  - 
determined  by  analysis, 

3.  T, 

Average  tensile  strength,  thousand  psi. 

4.  <T  ■  Standard  deviation  of  tensile  strength  values ,  thousand  pal 

5.  m  no,  of  tensile  samples  used  in  calculation  of 
standard  deviation, 

6.  Tm  *  Average  tensile  modulus,  million  psi, 

7.  (T“>  Standard  deviation  of  tensile  modulus*  million  psi. 


Table  35 


SUMMARY  OP  RECOMMENDED  MOLDING  PARAMETERS  FOR  EL-15  SERIES 


PT 

Preform 

pe 

ilng 

pP 

1 

Ciji 

co 

3  Cvele 

Mj 

M0 

Mp 

160-170 

15-30 

200-250 

240-370 

0-2 

240-370 

2 

30 

^jjp-  „  prafojTning  temperatuf a ,  .  > 

P q  ■  Preforming  time,,  seconds 
Pp  ■  Preforming  pressure ,  psi 

CQ  «*  Tima  in  which  preformed  dry  blend  is  allowed  to  aome  to 
molding  temperature  at  contaot  pressure,  subsequently 
referred  to  as  contact  time,  minutes, 

m  Contact  temperature 

Mp  -  Molding  temperature,  °F. 

Me  ■  Molding  time,  hrs, 

Mp  -  Molding  pressure  on  4  1/2  inch  ram,  tons 
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Key  to  Tables  35  and  36 


1.  Preforming  Parameters 

PT  <*  temperature  used  -'-eforming  in  9  x  9  compression 

- - moldy— °F-r -  -J - — ; - - — 

p.  ■  time  that  dr’  1  ud  is  .  c<  ,rmed  to  reduce  its  bulk, 

9  '  j 

seconds . 

Pp  ■  preform  jr  are,  psi 
(presau  .•*.  ~n  4"  ram)  . 
c  ■  c r  Mvasaur.'- 

i 

2.  No,  of  P‘  -afrO?  ms 


Rr  .fir ^  v-9  the  number  of  w- 


xA\  \  were  stacked 


ogp.  ther  1  »  the  molr”  bcWVy.  i  u  „ru.i  , 

•s  •  ■ 

3,  Mo  3  ting  Paramei  fti  \ 

w  contact  -Ov  -tatur/  4  ••**.  ttempejca'tu're  of  mo  d  when  - 

.  /  preform  (-  ,•  I  intjarterl) 

/  C,.  «  contact  M>iu“  minutes. 

/  (time  in  w.:ich  th*  ;;sr*f om  i*  .allowed -  ut  eo,  " 

to  the  molding  fc..mp  arutiire  under  contact,  pcf^surv 
m,,,  *  molding  temper  at  orot  <  viP.  ; :  ;  \ 

‘  ■,  !  -A 

H  molding  time,  mir.’*teev  ,v ' 

Mp  *  Swldfng  pressure,  tonu  on  4  inch  r*.» 

Additional- 

All  preforms  were  9  x.  9  inches. 

All  cc.'r/.-.ii'BLon  m.vldud  sheets  were  9x9  inches. 

4,  %  Glass 

Refers  to  the  weight  percentage  of  glass  flake 
formulated  i~.  t?;e  dry  blend. 

5,  Sheet  Appearance 

A.  Excellent  sheet  qvulif.y,  translucent,  no  voids,  no 
dry  spots,  minimum  ii~v:  petternn  at  edges  of  sheet. 

B.  Good  sheet  quality,  trdus  t  acent,  no’  voids,  no  dry  spots, 
some  flow  patterns  at  edi-.»v  of  sheets,  some  color 
variation  throughout  sheet 


\ 


100. 


C.  Fair  sheet  quality  -  translucent  -  cloudy  in  center , 
opaque  and  dry  spots  at  edges,  incomplete  resin  flow. 

D.  Poor  sheet  quality  -  cloudy  areas,  dry  spotting,  poor 

- raain-f-low,— blister -  formation. - - — — - 

B.  Extreme  blistering,  delamination,  no  resin  flow  or 
translucent  areas. 

6.  Resin  Formulation 

a.  Rea ins  wt/Epoxide 

JD  510  -  Jones  Dabney  Epi-Rez  510  1B5-200 

JD  509  -  Jones  Dabney  Epi-Raz  509  185-200 

JD  560  -  Jonas  Dabney  Bpi-Rez  560  3,500-5,500 

Mixture  60%  560  AAa 

40%  310 

JD  522  -  Jones  Dabney  550-650 

— -  - —  R5655  »  Reiehold  Chemical  Co,  Plyophen  r - -  - 

. . . - 

Contains  Own  catalyst 

errb  0100  -  Union  Carbide  Plastic 
Epoxidized  Novolak 

L-4180  -  American  Cyanamld  Alkyd  Resin 
Dztninac  4180  Belf  catalyzing 

CY405  -  American  Cyanamid  Melamine  Resin 
Cymel  405  self  catalyzing 

b.  Hardeners 

MPD  -  metaphenylene  diamine 
DADS  -  diamino  diphenyl  aulfone 

7.  Reain  Preparation  and  Mixing 

1.  Resin  blended  with  catalyst  allowed  to  "B  stage" 
at  room  temperature  for  24  hours,  micropulvei-ized 
and  classified  into  -100  mesh  fraction. 

2.  Resins  heated  and  blended,  allowed  to  solidify  at 
room  temperature,  resin  then  pulverized  into  -100 
mesh  fraction  and  mechanically  mixed  with  pulverized 
catalyst . 


3. 


Solid  resin  pulverised  to  -100  mesh  then  blended 
with  pulverised  catalyst. 

4.  Resin  is  purchased  pulverized  and  catalysed.  One 
__  package  powder  added  to  glass  flake. _ 

Dry  Blending  Procedure! 

Glass  flake  is  charged  into  Patterson-Kelly  blender 
and  rotated  for  1/2  hour. 

Resin  system  is  then  added  and  tumbled  for  2  hours. 

Glass  Sices 

u  -  unclassified 
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IV. 3. 4. 1.3.  Other  ftealn  Systems 

The  encouraging  results  obtained  with  the  compression  molding 
of  epoxy  systems  led  us  to  a  preliminary  screening  of  phenolic, 
Novalak-epoxy,  alkyd  and  melamine  resin  systems.  Data  obtained  in 
this  study  are  presented  in  Tables  36  and  37. 

- — —  A-Reichold-Chemical-company  catalysed-phenol-ic-aldehyde-  resini - 

Plyophen  5655,  was  dry  blended  with  16  to  50  mesh  to  yield  a  mixture 
containing  50%  glass  flake.  The  mixture  was  pressed  in  a  9"  x  9" 
sheet  mold  at  160°F.  for  10  minutes  at  about  200  lbs.  per  sq.  inch. 

No  flow  or  fusion  occurred.  Then  it  was  pressed  at  about  300  lbs. 
per  sq,  inch  for  3  minutes  at  a  platen  temperature  of  370°F,  The 
mold  was  opened  to  release  the  gas  and  steam.  Then  the  curing  was 
completed  at  about  700  lbs.  per  sq.  inch  pressure  for  10  minutes 
at  370°F.  The  sheet  upon  removal  from  the  hot  mold  raised  blisters. 
There  were  many  voids  in  the  center.  The  sheet  was  too  poor  to  test. 
(Pressures  of  2,000  psi  are  usually  used  in  molding  of  phenolics.) 

Two  ether  compression  moldings  made  with  preformed  material  showed 
no  promise  and  were  not  tested, 

A  Novalak-epoxy  resin,  Union  Carbide's  ERRB  0100,  catalysed 
with  diamine  diphenyl  sulfone  appears  unsuitable  for  use.  Compression 
molding  of  a  70%  glass  content  gave  rise  to  blistering  from  volatile 
— -re lease  during  cur ing . _ .. .  .  .  -  .  ■  _ _ _ _ _ _ _ _  _ 

A  catalysed  alkyd  rosin  laminate,  Laminae  4180,  was  ground  to 
pass  through  a  100  had  *  sharp 

melting  point  of  195°F,,  it  did  not  flow  profusely  in  the  mold  over 
a  range  of  curing  temperatures.  The  sheet  did  not  cure  evenly  and 
some  sections  were  tacky  at  room  temperature.  There  were  many  voids. 
The  sheet  was  ton  poor  to  test, 

jf. 

A  catalysed  melamine  resin,  American  Cyanamid's  Cymel  405,  was 
dry  blended  with  unclassified  glass  flake.  The  70%  glass  flake 
mixture  was  compression  molded  at  350°F.  for  10  minuteB  at  a  pressure 
of  700  lbs.  per  sq.  inch.  Very  poor  bonding  of  the  glass  flake 
occurred  and  the  sheet  had  many  voids  and  gas  blisters.  The  sheet 
was  not  tested. 

IV. 3.4, 1,4,  Conclusions 

During  the  mixing  and  processing  method  studies,  epoxy  resins 
were  chosen  for  binders  predominantly.  It  was  known  that  the  use 
of  epoxy  resins  had  resulted  in  best  strength  properties  of  glass 
flake  laminates.  It  was  deemed  expedient  to  concentrate  on  the 
epoxy  systems  in  order  to  realize  the  best  mixing  method  for 
development  of  high  strength  laminates  and  to  provide  a  basis  for 
measurement  of  potential  process  improvement.  Since  handling 
properties  of  the  polyester,  silicone  and  phenolic  resin/glass 
materials  are  similar,  it  was  planned  to  develop  all  handling  and 
molding  techniques  using  epoxy  resin  binders  and  then  use  those 
same  techniques  for  the  other  resin  systems. 


Table  37 
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Laminate  formulation  using  phenolic  resin  binders  have  been 
hindered  because  of  apparent  high  exothermic  curing  and  volatile 
formation  during  curing  as  a  result  of  methylolation. 

The  silicone  and  polyester  laminates  prepared  were  of  poor 
quaTity-and--'had“i.ow-strength-propertie87—  in-part— the— result-of- 


difficult  curing  technique,  and  in  part  by  inability  to  utilize 
preforming  and  flake  orientation  premold  processing.  Milling  of 
laminates  to  prepare  physical  test  specimens  is  highly  detrimental 
to  the  test  specimen. 

IV. 3. 4.1.5.  Experimental  Molding  of  Complex  Shapes 

A  variety  of  complex  shapea  were  compression  molded  experi¬ 
mentally  using  epoxy  resin  binders.  A  description  of  the  shapes, 
cycles  and  compositions  used  are  given  in  Table  38.  The  molded 
shapes  are  shown  in  Photographs  11,  12,  13  and  14. 

In  the  compression  molding  of  most  of  the  complex  shapes,  the 
orientation  of  the  glass  flake  is  not  readily  precontrolled  since 
there  is  usually  turbulent  flow  of  material  within  the  mold  cavity. 
As  a  result,  for  all  shapes  fabricated  in  this  section,  no  effort 
was  made  to  preorient ..the-premix,. ... _ _ _  _ _ _ _  . _ _ _ _  _ 


PramixQs  containing  50%  and  60%  glass  fabricated  at  the  free 
floating  ram  pressure  were  molded  into  #hap»#  living  curves. 

The  cavity  fill  was  excellent,  but  there  were  some  void  spots, 
probably  due  to  trapped  gas.  The  piece  molded  with  70%  glass  flake 
was  rathor  porous  and  did  not  have  the  translucency  that  the  50% 
and  60%  pieces  had.  This  would  indicate  that  a  higher  molding 
pressure  is  required  to  produce  visual  appearance  equal  to  the  50% 
and  60%  glass  laminates, 

Complex  shaped  circular  diskB  (Photograph  11)  were  produced 
using  B-staged  calendered  sheets.  The  molding  was  accomplished 
with  no  difficulty  and  the  flake  orientation  waB  not  disturbed 
during  the  process.  Highly  transparent  quality  items  were  produced, 

A  planar  step  piece  with  sharp  edges  at  various  thicknesses 
and  parallel  edges  was  molded  from  a  50%  glass  flake,  several  pieces 
that  were  molded  were  mutilated  in  removing  from  the  mold.  The 
edges  seemed  well  formed,  but  no  conclusions  could  be  drawn  as 
the  molding  surface  had  not  been  prepared  to  provide  release  of 
the  part  without  damage, 

A  small  bevel  gear  vras  molded  from  a  50%  glass  flake  mixture 
using  a  prototype  epoxy  mold  as  shown  in  Photograph  13.  The  molding 
pressure  was  limited  at  200  psi.  Above  200  psi,  the  premix  would 
have  been  extruded  from  the  top  and  bottom  of  the  mold  cavity.  The 
fill-in  of  the  glass  premix  at  the  teeth  was  good.  The  orientation 
of  the  glass  flake  was  random  as  expected. 


SUPPLEMENT  TO  TABLE  38 


Premix: 


PROCEDURE  FOR  COMPLEX  SHAPES 


Composition  of  Resin  Binder: 


Jones  Dabney  509  (Epoxy) 
Me  thyl  Nadic  Anhydride 
DMP-iO 


100  parts 
95  parts 
2  parts 


Abbe  Mixer  Used 


5  min.  mix  time 
Room  temperature.mix. 


Material  Stacked  in  Mold 

No  degassing 
No  orientation 

Claws  Size: 

1,  +8  mesh  2  micron  glaso  flake 

2,  Unclassified  2  micron  glass  flake 


Photograph  12 


Compression  Molded  Planar  Step  Piece 


Photograph  13 


Compression  Molded  Bevel  Gear  and 
Epoxy  Mold 
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Photograph  14 


Epoxy-Glass  Flake  (left) 
and 

Phenol  G ,P .  (right) 
Compression  Molded  Plug 
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One  of  the  objectives  of  the  compression  molding  study  has  been 
to  evaluate  the  use  of  molds  designed  for  plastics  of  the  filled 
phenolic,  urea  or  melamine  type.  A  100  ton  production  press  equipped 
with  a  multicavity  die  for  molding  preformed  general  purpose  phenolic 
molding  powders,  located  at  Futuramic  Molded  Products,  Hartford, 
Connecticut,  has  been  used  in  this  study.  Molding  pressures  of 

_  100_  tons__ar_e_no.t__uncommon  -for_  molding  -of-  phenolic  -and-melamine - 

compounds  but  pressures  of  this  order  had  not  been  tried  with  glass 
flake  premixes.  Seventy  per  cent  glass  premix  was  chosen,  since 
that  glass  content  appeared  to  be  difficult  to  mold  into  shapes 
having  complex  contours  in  attempts  at  lower  pressures, 

A  25%  excess  of  premix  was  stacked  into  the  mold  cavity  which 
had  been  coated  with  a  fluorocarbon  mold  release  compound.  When 
molding  pressure  was  applied,  some  of  the  excess  glass-resin  mixture 
was  squeezed  out.  In  about  30  seconds,  free  resin  oozed  out  of  the 
flash  clearance  section  between  the  top  and  bottom  cavity  sections. 
After  curing  for  30  minutes,  the  piece  was  ejected  with  difficulty 
caused  by  liquid  resin  seeping  down  the  retracting  and  ejecting  pine 
which  had  cured  and  ''froze1’  the  pins.  It  took  several  retraction 
and  ejection  cycles  to  loosen  the  pins  enough,  to  eject  the  piece. 

Since  this  was  a  press  currently  used  for  production,  no  further 
molding  tests  ware  requested. 

_  The  molded  piece  was  dense  and  conformed  to  the  shape  of  th* . . 

cavity;:-" •  There  wss  hb  v is Ible  orientation  of  the  glass  flake.  There 
were  some  apparent  dry  spots  as  a  result  of  resin  squeeze-out,  From 
this  teert,  it  appears  possible  to  mold  pieces  with  a  high  glass  content 

Photograph  14  shows  the  molded  glastic  plug  and  a  plug  molded 
from  a  filled  phenolic. 

IV. 3. 4. 1.5.1.  Conclusions 

General  conclusions  were  derived  from  the  experimental  com¬ 
pression  molding  of  glass  flake  (Abbe  mix)  premixes.  Orientation 
of  glass  flakes  within  compression  molded  laminates  is  difficult  to 
control  to  assure  orientation  which  follows  the  molding  contours. 

The  orientation  is  more  controllable  when  B-etaged  preforms  are  used, 

A  polished  surface  is  required  for  proper  release  of  the  molded  part 
from  the  mold.  Glass  contents  of  70%  and  above  can  be  compression 
molded  at  high  molding  pressures.  Molds  used  for  production  of  other 
plastics,  especially  reinforced  plastics,  may  be  used  to  mold  glass 
flake  composites.  Compression  molded  items  can  be  prepared  in  an 
unlimited  number  and  variety  of  shapes  and  forms.  The  flow  properties 
of  glass  flakes  are  amenable  to  compression  molding.  The  premix 
flows  readily  and  fills  all  parts  of  the  mold. 


IV. 3.4. 2.  Transfer  Moldinc 


Transfer  molding  is  a  variation  of  compression  molding.  The 
major  difference  being  that  the  premix  is  not  placed  directly  into 
the  mold  cavity  but  into  a  separate  pot  (which  can  be  heated)  outside 
the  mold.  The  premix  is  then  forced  by  a  ram  or  plunger  through 
channels  from  the  external  chamber  to  the  closed  mold  cavity.  The 
premix  is  cured  in  the  closed  mold  cavity. 


114 


The  success  encountered  with  pilot  plant  compression  molding  of 
comples  shapes  caused  us  to  omit  attempts  to  develop  transfer  molding 
technique  at  the  laboratory  level.  Arrangements  were  made  to  utilize 
production  equipment  to  attempt  to  reduce  this  technique  to  practice 
without  the  intermediate  expenditure.  Two  complex  shapes  were 
fabricated  very  successfully  in  Phase  III  of  this  contract,  and  are 
_des.cribed_latar  -  in -this  -repor  t-* - - - 

IV. 3,4, 3.  Extrusion 

Attempts  to  develop  an  extrusion  process  for  glass  flake  are 
covered  in  Phase  II,  Section  3  of  this  report. 

In  summary,  it  was  determined  that  extrusion  processing  was  not 
suitable  for  glass  flake  premixes,  using  the  commercial  resin  systems 
being  evaluated  under  this  contract.  Complete  redesign  of  an  extruder 
would  be  required,  together  with  the  development  of  a  specialized 
resin  system,  before  additional  efforts  could  be  made, 

IV. 3.4.4.  Calendering 

Calendering  was  developed  into  a  valuable  processing  technique 
and  is  fully  explained  in  Phase  II,  section  3  of  this  report.  The 
continuous  molding  of  laminates  using  a  calendering-conveyor  system 
wddld  be  i ted  .Qnly^  b  pr o ce as  time  considerations*. — The  cure  times 
'TSqtilFS'J' before  gelations  and  the  complete  cure  of  a  reinforced 
plastic  binder  system  would  necessitate  «»»  of  oven a,  multiple  heat 
rolls  and  dielectric  heaters.  Recognizing  this  factor  to  be  the  only 
.limitation  in  expanding  the  calender  process  we  developed  to  an 
ultimata  end  item  capability,  it  was  deemed  unnecessary  to  expend 
the  financial  and  manpower  effort  on  this  contract  to  prove  our 
contention, 

IV. 3.4. 5.  Centrifugal  Casting 

Three  variations  of  a  centrifugal  casting  process  were  investi¬ 
gated  under  this  contract.  Shapes  ware  fabricated  by  rotational 
molding,  horizontal  and  vertical  cylinder  casting. 

All  three  methods  rely  on  centrifugal  force,  generated  by  the 
rotational  motion  of  a  mold  to  orient  flake,  and  compress  the  bulk 
to  fill  all  cavities  with  resin  premix.  In  using  these  processes 
particular  attention  must  be  given  to  the  quantity  and  viscosity  of 
the  resin  systems  selected.  In  premixes  having  low  resin  viscosities, 
or  small  quantities  of  glass  flakes,  there  is  a  tendency  for  the 
reinforcing  material,  which  has  a  higher  density,  to  be  cast  to  the 
outside  surface  of  the  molded  item.  Thus,  in  these  processes, 
resin-rich  areas  appear  on  inside  surfaces,  resin  starved  areas  on 
outer  surfaces. 

IV. 3. 4, 5.1.  Rotational  Molding 

Limited  studies  of  rotational  molding  of  glass  flake  resin 
blends  wore  made  utilizing  a  laboratory  "Roto-Molder “  produced  by 
the  Mercury  Molding  Company,  Yonkers,  New  York. 
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Rotational  molding  units  are  used  industrially  for  the  molding 
of  hollow  items  as  dolls,  balls  and  other  novelties  using  vinyl 
plastisol  compounds.  A  unit  consists  of  a  platform  which  rotates 
simultaneously  in  two  directions  and  is  enclosed  in  a  gas-fired  oven 
and  fuse  the  molding  compound  while  the  mold(s)  is  rotating.  In  each 
plane  of  rotation,  the  molds  rotate  in  a  regular  and  circular 
direction. — Aba  tch~process  is~ua©d “where in  “the-  mold  or  molds  used 
are  filled  outside  of  the  heated  rotational  chamber,  placed  within 
the  chamber  and  rotated  until  the  plastisol  is  fused.  Low  speeds 
are  used  in  these  machines  to  provide  an  evenly  distributed  film 
of  plastisol. 

A  test  run  was  performed  using  a  hand-kneaded  premix  of  an 
epoxy  resin  and  glass  flake.  After  observation  that  the  maximum 
rotational  speed  of  the  unit  was  only  16  rpm,  a  10%  glass,  90% 
resin  premix  was  prepared  in  order  to  obtain  some  resin-glass  flow. 

A  100  gram  mixture  was  charged  into  a  3"  diameter  sphere  mold  and 
rotated  for  one  hour  at  350SF.  (16  rpm  about  the  one  axis,  4  rpm 
about  the  other  axis).  After  this  one  hour  cyals,  the  ball  mold 
was  removed  from  the  oven,  opened  and  inspected.  It  was  obvious 
from  the  variation  in  wall  thickness  of  the  sphere  that  very  limited 
resin-glaas  flow  had  taken  place  even  with  the  very  low  glass  content 
premix.  Wall  thickness  within  the  sphere  varied  from  0,005  to 
0.250  inch.  . . .  . . — - - . - -7— 

Rotational  molding  machines  as  built  do  not  appear  suitable  for 
the  eastiuig  of  f  lake  glass  pip©,  sxtvnslve  redesign  to  achieve  the 
required  higher  rotational  speed  would  be  necessary  to  oast  high 
glass  content  material,  changing  the  use  for  which  the  machine  was 
designed.  Rather,  it  has  been  apparent  that  the  design  and  fabrica¬ 
tion  of  a  centrifugal  casting  unit  Imparting  high  rotational  speeds 
to  cast  cylindrical  shapes  would  be  required.  f 

IV.3.4.5.2.  Vertical  centrifugal  Castings 

Using  premixes  prepared  in  the  Abbe  mixer  several  centrifugally 
cast  cylindrical  sections  were  produced.  The  vertical  centrifuge 
is  a  6"  diameter,  11"  deep  unit  with  a  2-speed  motor  (Photograph  15). 
Cylinders  were  always  prepared  at  the  4800  rpm  higher  Bpead  to  exert 
maximum  Q  force  on  the  flakes. 

The  first  of  two  experiments  utilised  a  premix  consisting  of 
50%  glass  classified  into  the  -8+16  mesh  fraction  and  50%  Laminae 
polyester  4128  catalyzed  with  1%  benzoyl  peroxide  and  2%  Laminae 
promoter  400  (room  temperature  cure  system) .  The  premix  was 
deposited  into  the  rotating  bowl  and  then  cast  for  a  period  of 
one  hour  until  the  resin  had  cured. 

The  unit  exhibited  drain-out  from  the  inside  diameter  to  the 
outside  diameter  of  the  cylinder.  Additionally,  resin  had  flowed 
entirely  away  from  the  premix  and  up  the  wall  of  the  centrifuge. 

The  cylinder  cast  with  the  60%  glass  content  premix  exhibited 
segregation  to  the  outside  diameter  of  the  cylinder  wall  due  to 
centrifugal  action  upon  the  resin.  No  resin  flow  away  from  the 
premix  up  the  centrifuge  wall  was  observed  at  this  glass  content. 


Photograph  15 


Centrifugal  Casting  Unit 
(six  inch  diameter  bowl) 
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Doth  cylinders  wore  cast,  vertically  and,  therefore,  as  a  result, 
had  thicker  wall  sections  at  the  bottom  than  at  the  top  of  the 
cylinder.  Inside  diameters  were  very  irregular  as  the  centrifugal 
force  was  not  sufficient  enough  to  distribute  the  premix  evenly. 
Randomness  of  orientation  of  glass  flake  and  void  entrapment  was 
very  common  as  a  cross  section  of  the  pipe  revealed.  The  cylinder 

cast  with  60%  glass  is  depicted  in  Photograph  16.  The  large  crack  _ 

— shown- in  -the-wall-  developed  when- the-  cylinder  was  "re leased' “from 
the  centrifuge. 

Since  no  heat  source  could  be  used  to  provide  uniform  curing 
temperatures  within  the  centrifuge  chamber,  a  room  temperature  curing 
epoxy  resin  was  used  for  casting  flake  glass  cylinders.  The  resin 
system  used  consisted  of  100  parts  Jones  Dabney  Epi-Rez  509  or  510 
and  12  parts  triethylene  tetramine. 

One  cylinder,  appearing  in  Photograph  17  was  cast  with  50% 
glass  premix.  The  premix  was  deposited  in  the  bowl  of  the  rotating 
centrifuge  where  it  redistributed  itself  upon  the  rotating  wall. 

An  expandable  mandrel  was  used  to  compress  the  walls  further  and  to 
produce  a  uniform  thickness  wall. 

During  the  casting  operation,  resin  segregation  to  the  outside 
dimeter  of  the  cylinder  was  noted.  After  one  hour  at  room  temperature 
the  cylinder  was  reloasecLfrom  the  centrifuge, -.(To  aid  in  the  release 
of  this  cylinder  and  succeeding  ones,. a  destructible  semi-rigid  poly¬ 
urethane  foam  approximately  3/4"  thick  was  placed  in  the  centrifugal 
bowl.  After  the  caring  and  casting  time,  this  liner  was  destroyed 
and  the  cylinder  removed.)  There  is  obvious  random  orientation  of 
the  glass  flake  as  evidenced  by  the  "marbled"  appearance  of  the 
cylinder.  The  appearance  and  strength  of  this  cylinder  is  apparently 
much  improved  over  the  polyester  glass  flake  cylinders. 

As  a  means  of  casting  a  cylinder  that  contained  oriented  glass 
flake,  a  pre-oriented  sheet  of  50%  glass  was  prepared  and  wound  into 
the  centrifuge.  This  first  attempt  was  unsuccessful  due  to  the  poor 
self-cohesion  of  the  premixes  and  in  attempting  to  wind  the  pre¬ 
oriented  sheet  into  the  centrifuge,  the  glass  resin  mix  crumbled. 

To  eliminate  the  problem  of  sheet  destruction,  a  preoriented 
sheet  was  prepared  and  chilled  with  dry  ice.  In  this  manner,  the 
viscosity  of  the  resin  binder  system  was  reduced  to  the  point  where 
it  could  be  self-supporting.  This  cold  sheet  was  then  wound  into 
the  centrifuge,  and  cast  for  a  period  of  one  hour.  During  the 
winding  of  the  preoriented  sheet  within  the  centrifuge,  some 
fracturing  of  the  sheet  was  noticed.  As  a  result,  the  finished 
cylinder  had  some  discontinuity  lines  running  parallel  to  the  axis 
of  the  pipe  where  the  sheet  had  separated.  These  lines  are  visible 
in  photograph  18.  Photograph  19  depicts  both  the  oriented  cylinder 
and  the  cylinder  with  concentric  flake  orientation.  Table  39  presents 
a  summary  of  casting  data  for  the  two  cylinders. 

It  should  be  noted  that  while  the  oriented  cylinder  was  cast 
without  the  use  of  an  expandable  mandrel,  the  resultant  wall  thickness 
of  the  cylinder  was  not  tapered  as  was  the  previous  experience 
without,  the  mandrel. 
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Photograph  16 


>nr-;  ■  t.uaaxiv  Cast.  Gi;*A5 
''-•'■•k*'  Soar.-/  «.3yllndfs 


Centrlfugally  cast  Preoriented 
Glass  Flake  Cylinder 


Photograph  19 
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IV. 3. 4, 5. 3.  Conclusion 

The  process  of  centrifugal  casting  of  pipes  showed  promise. 

The  epoxy  cylinders  prepared  from  epoxy  resin  premixas  had  superior 
physical  appearance  than  the  polyester  cylinders.  The  use  of 
higher  rotational  speeds  and  higher  G  forces  was  believed  to  be  an 
aid  in  orientation  of  the  glass  flakes  in  the  finished  cylinder. 
These-paramatera-were— investigated- fur ther-using-a-horizontal 
centrifuge. 

IV. 3. 4. 6.  Horizontal  Casting 

Trial  runs  were  made  with  the  horizontal  centrifugal  casting 
maahine  utilizing  a  hydraulic  ram  feeder  to  extrude  and  orient  a 
ribbon  of  glass  flake  premix  into  the  rotating  casting  chamber. 

The  trial  rune  demonstrated  the  need  for  a  mechanical  leveling 
device  (mandrel)  to  assure  uniform  inside  diameter  of  cast  cylinders. 
The  maximum  speed  of  the  unit  (4000  rpm)  does  not  eliminate  thia 
defect.  The  problem  was  observed  previously  with  the  low  speed 
vertical  centrifuge  used  earlier  in  the  program,  continued  efforts 
to  produce  centrifugal  cast  cylinders  were  made  using  simple  mandrels 
to  overcome  the  non-uniformity  of  inside  diameters,  inserts  to 
produce  changes  in  inside  and  outside  diameter  and  a  slotted  feed 
inner  chamber  to  control  feed  into  the  centrifuge  chamber. 

---  -■■■  -- 

An  attempt  was  made  to  uniformly  deposit  a  1.5-2  inch  layer  on  the 
walls  of  the  centrifuge.  (The  feed  chamber  was  too  small  end 
only  about  a  sixth  of  the  mold  surface  could  be  covered  with  a 
full  charge.) 

The  wet,  loosely  oriented- (hand)  compressed  mix  was  then 
centrifuged  for  one  minute  at  low  speeds  (1000  rpm)  to  further 
orient  and  compress  the  mass.  The  centrifuge  was  stopped  and  an 
inner  mandrel  inserted.  The  inner  mandrel  used  was  an  aluminum 
sheet  11-3/4"  x  48"  x  12  mils.  The  aluminum  sheet  was  tightly 
rolled  into  a  coil.  The  action  of  the  centrifuge  caused  the  coil 
to  expand  and  exert  fairly  uniform  pressure  upon  the  glass  flake 
mass.  The  centrifuge  was  run  to  top  speeds  (4000  rpm)  for  15-20 
minutes.  The  speed  was  then  reduced  to  1000  rpm  and  maintained 
until  the  resin  B-staged  (generally  20-35  minutes).  The  B-otaged 
pipe  was  removed  from  the  mold  and  fully  cured  in  an  oven. 

A  weighed  amount  of  the  50/50  dry  blended  phenolic  glass  flake 
material  was  hand  charged  into  the  centrifuge.  The  centrifuge  was 
started  and  xylene  (solvent)  was  sprayed  using  an  insecticide  gun. 

The  centrifuge  wan  operated  for  one  hour,  after  all  the  solvent  was 
added,  before  it  was  stopped  and  glass  wet-out  observed.  At  1096, 

20%,  and  50%  solvent  addition,  based  on  total  dry  blend  charged, 
the  mass  was  only  wet  at  the  surface  and  was,  therefore,  essentially 
a  loose  dry  blend.  The  mass  was  not  self-supporting  or  tacky  to 
the  touch.  Attempts  to  meter  the  glass  resin  and  solvent  spray 
by  alternate  addition  of  parts  of  the  total  charges  were  slightly 
more  successful  in  producing  a  wet  mass. 
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The  wet  Abbe  premixed  glass  flake  system  was  charged  and  packed 
into  the  slotted  inner  centrifuge  chamber.  The  centrifuge  was 
operated  at  the  maximum  speed  until  all  the  resin  wet  flakes  had 
passed  through  the  slots  in  the  inner  centrifuge  core  wall,  sketch  4. 
kesidual  wet  glass  flake  resting  between  the  rows  of  slots  was  then 
loosened  from  the  inner  wall  by  scraping  with  a  spatula.  The  inner 

chamber  was  recharged  and  the  cycle  repeated  until  all  the  premixed _ 

resin  required  was  added." 

The  centrifuge  was  then  rotated  at  the  4000  rpra  rate  until  the 
resin  system  had  cured  to  a  self-supporting  state.  The  B-staged  resin 
pipe  was  then  removed  from  the  mold  and  fully  cured  in  an  oven. 

IV. 3. 4. 6.1.  Description  of  Centrifugal  Cast  Cylinders  Produced 

All  the  successfully  prepared  cylinders  which  have  been  produced 
were  made  with  wet  premixed  systems.  The  attempts  to  produce  cylinders 
using  dry  blended  resin  systems  while  not  successful,  did  indicate 
that  further  development  of  this  technique  might  yield  a  unique  process. 
Table  40  lists  all  the  cast  sections  which  were  prepared.  The 
cylinders  are  11-3/4"  long  and  have  an  a"  o.D.  and  6-1/2"  I.D.  and 
weigh  as  much  as  9  pounds. 

Cylinder  #1  “  The  orientation  of  the  flake  in  the  pipe  is  good 
although  some  areas  of  flake  disorientation  are  noticeable  (Photo- 
•  -  -20j-, ' :  Attmp*sv  tq'7cut  Jbne-ihcft^  end'  of  the  cylinder  ’ 

with  alathe  cutter  were  unsuccessful;  the  1"  ring  failed  in  areas  of 
disorientation.  The  coiled  aluminum  sheet  used  as  an  inner  molding 
mandrel  surface  was  first  tried  in  preparation  of  this  unit.  Previous 
moldings  prepared  without  the  aluminum  mandrel  resulted  in  poorly 
compressed  weak  castings.  The  inner  surface  of  the  cylinder  has  a 
pure  polyester  coating  which  cracked  badly  during  the  cure  of  the 
cylinder.  Differential  shrinkage  rates  of  the  glass  flake  layer  and 
pure  resin  layer  increased  the  size  of  the  cracka  to  major  proportions. 

Cylinder  #2  -  The  orientation  of  this  unit  is  superior  to 
cylinder  #1  (Photograph  20).  The  areas  of  disoriented  flake  are  not 
as  noticeable.  There  is  no  excess  resin  layer  present  in  this  unit 
but  the  inner  surface  does  not  have  a  smooth  finish  like  the  outer 
surface  (Photograph  22).  One-Inch  rings  were  cut  from  this  casting 
using  the  lathe  cutter.  Compressive  strength  and  compressive  hoop 
strength  were  determined. 

Cylinder  #3  -  The  complex  shape  shown  in  Photograph  21  was 
produced  by  building  a  plaster  of  Paris  tapered  ring  in  the  center 
of  the  centrifuge  chamber.  The  cast  cylinder  was  removed  from  the 
centrifuge  chamber  with  the  plaster  of  Paris  ring  in  place.  The 
ring  was  broken  to  remove  it  from  the  cylinder. 

Cylinder  #4  -  The  plaster  insert  used  to  produce  cylinder  #3 
was  unsatisfactory  and  a  metal  tapered  ring  with  flat  land  was 
machined.  The  ring  was  placed  in  the  back  of  the  mold  before  the 
charge  was  added  to  the  centrifuge  chamber.  A  one-inch  strip  of 
aluminum  (12  mils  thick)  was  inserted  into  the  premix  by  hand. 
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Oriented  Calen-  Excellent  cylinder  destroyed  daring  cure 
dered  Sheet 
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Centrifugal  Cast  Cylinder 
Cylinder  #2 
Epoxy  System 
Inside  View 
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The  strip  was  spirally  coiled  around  the  pipe  circumventing  the  unit 
completely  and  touching  both  the  inner  end  outer  surfaces.  The  outer 
edge  or  the  aluminum  coil  can  be  seen  in  Photograph  22,  The  inner 
surface  of  the  cylinder  had  areas  in  which  a  pure  resin  layer  was 
present  and  other  areas  which  seemed  to  be  resin-starved. 

Cylinder  (>5  -  A  complex  shape  unit  was  produced  by  using  the 
tapered  ring  to  produce  variation  in  outside  dimensions  and  a 
-removable  -inner— ring— to-produce-devtatlon- in  ~i  ns  id  e— d  imens  ion  Si  — 

The  metal  tapered  ring  was  inserted  and  the  charge  added  to  the 
centrifuge.  The  coiled  removable  inner  ring  was  then  positioned. 

The  aluminum  inner  mandrel  was  then  inserted.  The  aluminum  mandrel 
under  centrifugal  pressure  forced  the  inner  ring  into  the  cylinder. 
Removal  of  the  inner  mandrel  and  inner  ring  from  the  cured  casting 
resulted  in  an  inner  surface  with  an  undercut  with  sharp  sides  cir¬ 
cumventing  the  casting  (Photographs  23,  24). 

Cylinder  #6  -  Cylinder  #6  was  produced  using  the  technique 
established  in  preparing  cylinder  #5,  except  for  the  form  of  the 
inner  mold  surface.  To  produce  a  deep,  small  cross-section  undercut 
spiral  groove  in  the  inside  surface,  a  simple  rubber  tube  was  spirally 
wound  around  the  aluminum'  inner  mandrel  before  it  was  inserted  into 
the  centrifuge  chamber, 

..Cylinder  #7  -  The  slotted  double  wall  centrifuge  (Photograph  25) 

assembly  was  used  to  produce  this  unit. _ The  polyester  system  f  lowed 

from  the  -inner bcora.--tQrtbg^  t-.pro^ 

contained  a  resin-rich  to  pure -re sin  inner  surface,  The  part  itself 
eontsl  nad  he  ¥■  running  the  length  of  the  cylinder.  The  bn  it 

lines  corresponded  to  the  rows  of  slotted  openings  in  the  inner  core. 
The;  part  was  oriented  between  the  knit  lines  but  not  in  the  knit  line 
interface.  The  cylinder  split  along  two  of  the  knit  lines  (Photo¬ 
graphs  26  and  27).  The  split  is  believed  to  have  been  caused  by  the 
constrictive  pressure  exerted  on  the  cylinder  by  the  relatively  large 
amount  of  shrinkage  of  the  inner  layer  of  pure  resin  with  respect  to 
the  resin-flake  mixture.  Examination  of  the  unit  showed  the  presence 
of  deformation  of  the  part's  shape  due  to  the  resin  shrinkage. 

We  believed  that  the  knit  lines  could  be  eliminated  by  causing 
the  inner  core  to  rotate  at  a  slightly  lower  rpm  rate  than  the 
outer  (mold)  shell.  The  difference  in  rpm  rates  should  cause  the 
flake  to  be  evenly  distributed  and  deposited  on  the  mold  surface. 
Improvement  in  slot  design  would  also  be  expected  to  eliminate 
orientation  problems  found  at  knit  lines. 

Cylinder  #8  -  The  70/30  flake  epoxy  system  did  not  flow  easily. 

A  large  portion  (54%)  of  the  batch  was  not  used  because  the  feed 
rate  was  too  low.  The  material  began  to  exotherm  and  had  to  be 
removed  from  the  inner  core  before  it  "set  up".  The  cast  cylinder 
itself  was  loosely  oriented  and  uncompressed  and  had  an  uneven  inner 
surface  with  depressions  running  along  the  knit  line  area  (Photo¬ 
graph  2G)  . 
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Photograph  24 


Cast  Cylinders 


Cylinder  #5  i  Cylinder  #6 


Photograph  25 
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Centrifuge  Accessories 
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Photograph  26 


Cast  Cylinder  #7 
Outside  View 


Cast  Cylinder  #7  -  Split 
Ins ide  View 


Photograph  28 


cast  Cylinder  #8 
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Cylinder  ,r?  i’i.:?  tlo.uw  inner  .•number  was  used  to  prepare 

this  unit  (60/40  glars  to  ooxy  system).  The  rpm  ratio  of  the  inner 
core  was  lower  than  the  moi.i  chamber  rpm  rate.  The  rpm  differential 
reduced  the  severity  of  the  Knit  lines  present  in  the  inner  surface 
of  the  molded  unit.  The  positioning  of  the  knit  lines  was  not 
uniform  as  noticed  in  previously  prepared  units  cast  using  the  slotted 

centrifuge .  An  uneven  thickness  of  glass  flake  resin  was  deposited - 

on  the-  mold'  surface,  the  back  end  of  the  casting  was  appreciably 
thicker  than  the  forward-feed  section.  The  outer  surface  was 
relatively  smooth  with  no  visible  knit  lines  or  major  areas  of  dis¬ 
oriented  flakes.  The  mass  is  relatively  dry  and  does  not  have  the 
outer  resin  coated  appearance  other  specimens  prepared  with  similar 
renin  systems  and  ratios  have. 

The  reduction  in  inner  core  rpm  rates  was  achieved  by  the  crude 
mechanism  of  applying  a  drag  on  the  freely  rotating  inner  core.  The 
drag  was  produced  by  applying  pressure  on  the  inner  core  by  pressing 
an  aluminum  rod  on  the  inner  surface  of  the  core.  Sketch  5  shows 
the  positioning  of  the  drag  rod  in  the  assembly. 

Cylinder  #10  -  The  60/40  resin  Gystem  used  was  identical  with 
cast  cylinder  #9,  The  slotted  inner  core  was  packed  with  the  wet, 
loose,  bulky  glass  flake  and  the  centrifuge  turned  on.  The  glass 
flake  passed  from  the  inner  core  to  the  mold  surface  with  some 
difficulty*  When  all  the  glass  flakes  were  deposited;  the'  inner  ,  ~7 

in  the  mold.  The  charge  used  was  small  and  uneven  deposition  in  1. 
g:h5  mCid ^uliirore r  uva s  encountered  gTnererore,  aT?th oughFthe^khlt  lines 
were  greatly  reduced  and  smooth  areas  wore  found  in  the  inner  area, 

■the  pipe  was  still  poor  in  quality. 

The  results  obtained  from  the  above  molding  indicate  a  high 
potential  for  the  system  which  is  expected  to  permit  centrifugal 
casting  of  complex  shapes.  The  many  drawbacks  encountered  are 
mechanical  and  may  be  corrected  by  modification  in  design  of  the 
slotted  chamber  and  installation  of  proper  mechanisms  for  control 
of  rpm  rates  of  the  inner  core. 

Cylinder  #11  -  was  prepared  with  oriented  roller  calendered 
sheet  material.  The  wet  50/50  glass  epoxy  blend  was  calendered  and 
a  sample  cut  to  predetermined  dimensions  from  the  wet  sheet.  The 
parting  paper  was  then  removed  from  the  fir3t  and  last  2  inches  of 
the  wot  sheet  material.  The  flexible  wee  casting  was  wrapped  around 
the  expandable  aluminum  mandrel  and  inserted  in  the  mold.  The 
centrifuge  was  rotated  until  the  resin  B-staged  to  a  solid  mass. 

The  molding  was  removed  from  the  mold  the  next  morning  and  was  put 
aside  for  24  hours.  After  this  long  ambient  cure  cycle,  the  cylinder 
was  placed  in  an  oven  heated  to  120°P.  to  start  the  full  cure  cycle. 
After  10  minutes  at  this  temperature,  the  section  collapsed. 

Apparently,  the  temperature  exceeded  heat  distortion  point  of 
the  resin. 


Before  being  placed  in  the  oven,  the  cylinder  was  visually 
examined.  The  glass  flake  orientation  was  uniform;  no  flow  lines, 
or  faults  wore  visible.  The  thickness  of  the  unit  was  irregular 
due  to  the  uneven  thickness  of  the  calendered  sheet.  There  were 
several  -mall  entrapped  air  bubbles  present  in  the  cylinder. 


End  View  ji  j  Casting  No 
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Cylinder  #12  was  prepared  from  the  same  batch  of  calendered  sheet 
material  used  to  prepare  cast  cylinder  -ill,  except  that  before  centri¬ 
fugal  molding,  the  resin  was  permitted  to  B-stage  overnight.  The 
B-stage  calendered,  rigid  and  brittle  sheet  was  cut  to  the  correct  3izc 
and  heated  in  oven  at  150°F.  for  30  seconds  to  soften  the  sheet  to  a 

drapable  sheet.  The  sheet  was  then  wrapped  around  the  aluminum  core, _ 

-inserted— in— the  moTd_and  east.  A  hot  air  blower  was  "placed  at  the 
front  of  the  open  mold  and  hot  (150°F.)  air  wa3  directed  on  the 
rotating  cylinder  for  30  minutes.  The  casting  was  72  hours  at  room 
temperature?  the  unit  was  subjected  to  ft  curing  schedule  of  12  hours 
at  100°F.,  12  hour  at  125°F.,  12  hours  at  150°F.,  12  hours  at  200°F. 
and  one  hour  at  300°F. 


The  molded  cylinder  has  a  visible  lap  joint,  but  is  free  of  all 
visible  flaws,  voids  and  orientation  defects,  is  uneven  in  thiehnesa 
due  to  defects  in  the  roller  orientation  mechanism  and  has  several 
small  air  bubbles  entrapped  in  the  material. 


Cylinder  #13  -  Two  plies  of  roller-calendered  premix  .shoot  were 
wrapped  around  the  expandable  aluminum  mandrel.  The  B-stagod  unit 
was  destroyed  during  the  cure  cycle.  The  100°F.  cure  temperature 
exceeded  the  heat  distortion,  point  of  the  S-staged  regin. 


_ Cylinder  -plies  of  B-staged  roller-calendered  premix  - 

•ye.ru>.  Qgffld,-  sSVr- . ftft  eXCftl  lftftt-jparrt . 

was  obtained  free  from  most  visual  defects* 


Cylinder  #15  -  Two  plies  of  wot  roller  calender  sheet  ware 
wrapped  around  the  aluminum  mandrel.  The  unit  was  cured  and  examined. 
Knit  lines  are  not  visible  and  most,  laminate  defects  were  not  present. 
The  laminate  does  have  one  molded  line  present  which  was  caused  by  a 
fold  in  the  parting  paper. 


Cylinder  #16  -  The  slotted  centrifuge  inner  chamber  was  used  to 
prepare  th±3  part.  Knit  line  disorientation  was  reduced  and  now 
seems  to  be  caused  by  an  overlap  or  sheet  joining  difficulty. 

Cylinder  #17  -  The  slotted  centrifuge  inner  chamber  was  used  to 
produce  this  polyester  based  cylinder.  The  35%  glass  content  is 
sufficiently  low  to  permit  formation  of  thin  resin  rich  areas  on  the 
Inside  of  the  pipe  which  cracXed  during  the  cure  cycle.  The  inner 
mandrel  was  used  for  this  molding  (Photograph  29). 


Cylinder  #18  -  The  slotted  centrifuge  inner  chamber  was  used  to 
produce  this  60%  glass  content  cylinder.  The  inner  expandable  mandrel 
was  used  and  the  rpm  was  reduced  sufficiently  to  result  in  a  reduction 
of  Xnit  lines  in  the  cylinder  (Photograph  30) . 


IV. 3. 4. 6.2.  Conclusions 


Several  simple  and  complex  shaped  cylinders  have  been  produced 
using  the  4000  rpm  horizontal  centrifugal  casting  apparatus  and  room 
temperature  curing  epoxy  and  polyester  wet  premix  systems.  The 
complex  shaped  pipes  have  variations  in  inside  and  outside  diameters. 
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Photograph  29 


Cast  Cylinder  #7 
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Photograph  30 


Cast  Cylinder  #18 
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One  cylinder  contains  a  metallic  aluminum  insert  in  the  form  of  a 
spirally  coiled  ribbon  circumfused  in  the  matrix  and  touching  both 
inner  and  outer  surfaces.  The  wet  blended  systems  were  premixed 
in  the  Abbe  mixer  in  50/50,  55/45,  60/40  and  70/30  glass  flake  to 
resin  ratios. 

All  succes s molding s_ were  prepared  fr.om_wet-premix~systems, — - 
“Attempts  to  centrifugally  cast  pipe  from  dry  blended  pulverized 
phenolic-glass  flake  mix  were  unsuccessful.  We  attempted  to  use 
this  system  to  produce  a  cast  pipe  with  maximum  glass  flake  particle 
size.  Dry  blending  of  glass  flake  results  in  minor  particle  size 
degradation.  Therefore,  if  dry  blended  glass  resin  blends  could  be 
centrifugally  cast,  particle  size  could  be  maintained  at  a  maximum, 
which  we  believe  would  contribute  significantly  to  the  ultimate 
strength  of  the  laminate. 

Several  laminates  have  been  produced  using  a  double-walled 
centrifuge  technique.  Attempts  were  made  to  determine  if  an  inner 
centrifuge  chamber  which  has  multiple  openings  in  the  surface  could 
be  used  to  meter,  orient,  and  produce  complex  shapes.  The  simple 
pipe  inner  core  demonstrated  that  premixed  wet  resin  glass  flake 
systems  exhibited  sufficient,  flow  to  permit  passage  from  the  inner 
chamber  to  the  outer  molding  chamber. 

IV, 3.5.  Effect  of  processing  Upon  Glass  Flakes 

XV. 3. 5.1.  -  introduction - - -  -  .  - 

Commercial  glass  flake  is  produced  by  blowing  large  diameter 
tubes  or  bubbles  having  a  wall  thickness  of  2  microns  from  molten 
E  glass  tubing  and  then  crushing  the  cooled  and  solidified  film  to 
produce  flakes.  The  process  produces  a  variety  of  flake  shapes  and 
sizes.  The  flakes  have  Irregular  notch  edgeB,  varied  diameters  and 
a  slight  curvature.  No  attempt  is  made  to  classify  commercial  flake 
into  flake  diameter  ranges.  Therefore,  commercial  flake  contains  a 
range  of  materials,  from  a  fine  dust  up  to  individual  flakes  1/2  inch 
in  length.  During  the  course  of  the  glass  flake  study,  appreciable 
differences  in  the  appearance  were  noted  when  large  bulks  of  flakes 
were  viewed. 

The  degree  and  extent  of  variation  in  glass  flake  size 
distributions  in  commercial  glass  flake  were  believed  to  be  con¬ 
tributing  to  difficulty  in  obtaining  laminates  having  high  strength. 
The  relationship  between  original  glass  flake  size  distribution  and 
glass  flake  breakdown  during  processing  and  molding  and  its  eventual 
effect  upon  laminate  physical  properties  were  studied  Intensively. 

IV. 3. 5. 2,  Analysis  of  Commercial  Glass  Flakes 

A  determination  of  the  variation  in  the  size  distribution  in 
seven  unopened  boxes  of  glass  flake  is  presented  in  Table  41.  In 
addition,  size  distribution  of  five  other  boxes  are  listed.  The  last 
five  batches  were  evaluated  as  part  of  other  phases  of  the  contract. 
Examination  of  Table  41  shows  major  variations  in  commercial  glass 
flake  size  distribution  do  exist. 


TAD  LE  ■'  : 


Var  j-atloQ  ln  Size  Distribution  of  Commercial  Flgjce 


Sample  (Box) 
Identification 

A* 

B 
C 
0 
E 
F 
G 

1** 

2 

3 

4 

5 


♦Boxes  A-G  on  Hand 
**  Material  processed 
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8.7 

11.4 
65.8 

13.5 

42.1 

43.3 

12.3 

49.1 

33.5 
27.9 

12.6 
21.6 

8.7 
8.1 

3.8 

6.8 

5.8 

5.2 

3.2 
5.0 

0.6 

1.7 
1.2 

1.8 

0.3 

0.7 

0.4 

O  1 

0.3 

1.7 

0.7 

1  fl 

12.7 

14.7 
11.9 

40.9 

45.9 
45.3 

29,2 

23.9 

28,7 

7.7 

7.3 

5.4 

5.8 

4.9 
5.2 

2.1 

1.7 

1.7 

f 

0.5 

0.7 

0.6 

1*3 

1.1 

0,9 

1.2 

71.0 

70.7 

54.2 

15.1 

73.6 

14.6 
20.4 

6.9 

11.5 

8.5 

11.0 

1.9 

5.1 

1.8 

3.4 

1.1 

6.0 
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All  Identification  and  markings  on  boxes  A  through  0  are  identical, 
however,  no  identification  as  to  lot  number  was  present.  Therefore, 
we  cannot  judge  if  the  measured  differences  in  size  distribution  could 
be  attributed  to  lot  variation  or  to  other  variables  of  manufacture, 
handling,  storage  or  transport. 


Box  CTcontalns  the  highest  percentage  of  flakes  having  greater 
than  4  mesh  size.  This  difference  was  detectable  visually, 

IV. 3. 5. 3.  Glass  Breakdown  Study  -  Abbe  Mixing 

From  early  glass  flake  degradation  studies  performed  in  other 
phases  of  the  contract,  it  was  established  that  the  larger  glass  flakes 
disappeared  rapidly  during  the  blending  operations.  The  preliminary 
studies  were  performed  with  glass  flake  to  resin  ratios  of  50/50  up 
to  70/30.  This  study  (Table  42)  was  performed  with  uncatalyzed  resin 
in  a  60/40  resin  to  glass  flake  ratio.  The  high  resin  content  was 
used  to  reduce  the  excessive  degradation  rate  experienced  at  higher 
glass  flake  ratios.  Zt  was  already  known  that  as  the  resin  content 
was  decreased,  the  degradation  rate  increased.  Uncatalyzed  resin  was 
used  to  permit  ease  of  clean  up  and  to  prevent  resin  cure  during  the 
long  mixing  cycle  (one  hour)  investigated. 

Three  different  boxes  of  glass  flake  were  used  ( BX  C  &  0).  in  .the'  Z_‘ 

a-tudy-r . -Bewgy-B- g-'-have  size 

distribution .  Box  C  has  a  completely  different  glass  flake  dlatrl-  - 
buticn  composition.  — ■  — :  "•  “  " 

The  study  was  designed  to  determine  if  glass  flake  with  similar 
initial  glass  flake  size  distribution  would  degrade  at  the  same  rate 
during  processing.  It  was  also  designed  to  determine  if  a  batch  of 
glass  flakes  with  a  higher  percentage  of  larger  original  glass  flakes 
would  effect  the  glass  flake  size  distribution  of  the  final  premixed 
system. 

From  our  experience  we  believed  that  batches  of  glass  flake 
degraded  at  different  rates  as  a  result  of  variation  in  internal 
stress  concentrations  in  individual  glass  flakes,  faults,  cracks, 
and  jagged  edges  introduced  through  the  glass  flake  production 
technique. 

Flake  glass  was  slowly  added  to  the  resin  in  the  Abbe  mixer  over 
a  15  minute  period  of  time.  The  Abbe  mixer  blades  were  rotating  the 
lowest  Bpeed  12/6  rpm  during  the  glass  flake  addition.  After  all  the 
flake  was  added,  the  blade  rpm  was  increased  to  100/50  rpm.  Ten  minutes 
after  all  the  glass  flake  was  added,  a  sample  of  premix  was  removed 
from  the  ball  on  the  slower  moving  blade.  Additional  samples  were 
removed  from  the  mixer  at  10  minute  Intervals  and  flake  glass  size 
distribution  of  the  samples  was  determined, 

IV. 3,5. 3,1,  Method  of  Determining  Glass  Flake  Size  Distribution 

The  glass  Hake  distribution  of  all  samples  were  determined 
using  the  techniques  outlined  below: 
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Mixed  60%  resin/40%  Glass  15  minutes  glass  flakfe  addition 
Uncatalysed  Epon  828  used.  [  ,  ■■ 


a.  Freshly  Mixed  and  Uncured  Resin-Glass  Flake  Mixtures 


(1)  A  weighed  sample  of  the  resin  glass  flake  mixture  is 
dissolved  in  acetone. 

(2)  The  sample  is  washed  by  decantation  and  filtration 
until  filtrate  shows  no  cloudiness  in  water. 

— (3) The-glass-f lake  is-dried-on  a-funnel' In- an  sir- 
circulation  oven  for  one  hour, 

(4)  The  sample  is  cooled  under  suction  with  a  water 
aspirator. 

(5)  The  glass  flake  recovered  are  weighed  and  the  glass 
flake  content  calculated  as  a  percentage  of  the  total 
specimen  weight, 

(6)  The  recovered  glass  flake  is  placed  on  an  8  meah 
standard  sieve  which  contains  the  under  size  series 
16,  30,  50,  and  100  mesh  screens. 

(7)  The  screen  assembly  is  placed  on  a  Ro-Tax  shaker 
for  10  minutes, 

(8)  The  glass  flake  on  each  screen  and  in  the  bottom 
pan  are  weighed. 

(9)  The  flake  size  distribution  is  calculated  as 
percentage  of  the  total  flake  composition. 

b,  Resin  Glass  Flake  Mixtures  that  are  Partially  or  • - . 

completely  .Cared . . - -- -~-r — - — . " 

(Only  partially  soluble  in  acetone) 

(1)  A  weighed  sample  is  digested  in  approximately  five 
times  the  sample  weight  of  concentrated  nitric  acid 
or  about  four  times  the  sample  weight  in  fuming 
nitric  acid, 

(2)  The  mixture  is  heated  until  the  resin  in  the  mixture 
has  been  dissolved  and  only  a  trace  of  brown  fumes 
is  given  off. 

(3)  The  acid  mixture  is  washed  with  nitric  acid  by 
decantation  and  filtration  until  the  filtrate  shows 
no  precipitate  or  discoloration  in  water. 

Motet  Nitrated  resins  are  soluble  in  concentrated 
nitric  acid. 

(4)  The  recovered  glass  flake  is  washed  with  water  until 
free  of  nitric  acid,  (Test  with  pH  paper.) 

(5)  The  recovered  glass  flakes  are  washed  with  acetone 
to  remove  all  water  and  all  traces  of  resin, 

(6)  The  glass  flakes  are  dried  on  the  Buchner  funnel  in 
an  air-circulation  oven  for  one  hour. 

Motes  In  some  cases  the  glass  flake  will  have  a 

pale  yellow  color.  Removing  the  last  traces 
of  organic  nitric  acid  derivatives  by  heating 
in  a  furnace  at  1100°F.  for  3  hours  did  not 
change  the  recovered  glass  content  by  more 
than  a  few  tenths  of  a  per  cent. 

(7)  The  percentage  of  glass  content  is  calculated  from 
the  weight  of  the  recovered  glass. 

(8)  Steps  f,  g,  h,  and  i  of  procedure  "A”  are  reported. 
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c.  General  Considerations 


For  a  simple  glass  flake  content  determination,  one 
to  five  grams  of  sample  are  required.  For  a  screen  analysis, 
a  minimum  of  25  grams  of  sample  is  required  to  keep  the 
losses  of  handling  below  5%. 

IV.  3 . 5,3 , 2  .---Separat-ion-Egulpment- - 

An  18"  diameter  model  of  the  Sweco  Vibro-Screen  separator, 
Photograph  31,  was  used  to  classify  the  glass  flake  into  +8,  -8, 

+16,  -16,  +30,  +50,  +100,  and  -100  mesh  fractions  for  particle  size 
studies  in  glass  flake.  This  separator  classified  the  flake  effectively 
without  static  charge  inducement  by  causing  the  material  to  trace  a 
spiral  path  across  a  screening  surface  and  into  a  discharge  chute. 

Fines  fall  through  the  screen  and  go  through  the  same  process  until 
classified.  The  only  disadvantage  being  that  screening  rates  are 
very  slow?  feed  must  be  restricted  or  it  will  cover  the  entire  screen 
and  not  be  classified.  This  was  an  expected  inherent  problem  because 
of  the  flake  volume  to  weight  ratio. 

The  glass  flake  samples  removed  from  the  mixers  and  laminates 
were  classified  on  a  Rotap  screen  sieve  assembly  which  is  a  more 
accurate  device  for  laboratory  investigations  than  the  larger  Sweco, 

The  relatively_J!mali--S^mplfis_25-50.  -.gramf-w»re -placed  -in  the^ upper- . - 

screen  and  the  machine  operated  for  10: minutes.  The  weigfc*"-6E-~--- 
sample  contained  on  each  individual  screen  was  determined  and  glass 
flake  distribution  calculated.  -  -----  .  .  -- 

The  data  in  Table  42  is  presented  in  graphic  form  in  Figures  6, 

7  and  8.  Examination  of  the  data  and  graphs  shows  that  the  major 
portion  of  the  glass  flake  breakdown  occurs  within  the  first  10 
minutes  of  mixing.  It  should  be  noted  that  blending  times  for 
maximum  flake  wet  out  are  on  the  order  of  20  minutes. 

The  data  has  been  arranged  in  Table  43  to  compare  the  glass 
flake  size  distribution  of  three  blends.  The  data  is  also  presented 
in  graphic  form  in  Figures  9,  10,  11,  12,  13,  14  and  15.  Figure  9 
shows  the  original  dissimilarity  in  glass  flake  size  distribution 
between  Box  C  and  Boxes  B  and  G.  It  also  shows  how  similar  Boxes 
B  and  G  were  originally  in  size  distribution.  The  data  in  Figure  10 
shows  that  after  only  10  minutes  of  mixing,  the  +16  mesh  ar.d  higher 
glass  flakes  have  virtually  disappeared  from  the  blend,  it  also 
shows  that  glass  from  Box  C  actually  degraded  at  a  faster  rate  than 
the  glass  in  Boxes  B  and  G,  and  further,  after  mixing,  the  amount 
of  large  flake  present  was  insignificant.  Figure  11  shows  that 
after  20  minutes  of  mixing,  all  +16  mesh  glass  flakes  had  disappeared 
from  glass  taken  from  Boxes  B  and  G  and  that  less  than  glass 
remained  on  the  +30  mesh  screen. 

Figures  12-15  show  that  the  glass  flakas  breakdown  does  vary 
from  lot  to  lot  but  more  importantly  it  shows  that  less  than  20%  of 
the  glass  flake  is  retained  on  a  +50  mesh  screen.  A  50  mesh  screen 
has  openings  of  0.0117  inches?  the  30  mesh  screen  has  openings  of 
0.0232  inches.  Therefore,  over  eighty  per  cent  of  the  glass  in  the 
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mix  is  smaller  than  0,0117  inches  in  length  and  less  than  20%  ia 
between  0,0117-0,0232  inches  in  length.  Physical  testing  of  laminates 
made  from  glass  flake  reduced  to  these  sizes  and  bound  with  conven¬ 
tional  commercial  resin  systems  are  poor  candidates  as  high  strength 
structural  materials. 

IV, 3,5.3, 3,  Conclusions _ 

The  data  indicates  that  major  glass  flake  degradation  occurs 
during  the  first  10  minutes  of  mixing.  Normally,  Abbe  mixing 
requires  17-30  minutes  to  produce  a  uniformly  wet  out  mass,  Com¬ 
mercial  glass  flake  varies  in  flake  size  distribution  from  box  to  box, 
and  from  lot  to  lot.  Larger  flakes  degrade  at  a  rapid  rate  during 
premix  preparation.  The  breakdown  rate  for  each  sample  of  glass 
flake  varies.  Major  glass  flake  degradation  takes  place  within  the 
first  10  minutes  of  mixing.  Mixing  times  of  less  than  10  minutes  are 
required  if  the  +30  mesh  or  larger  flakes  are  to  be  present  in  a 
premix.  As  an  alternate  to  short  wet  mixing  times,  a  mixing  process 
needs  to  bo  developed  which  will  provide  the  degree  of  wet  out 
without  flake  size  degradation. 

IV. 3,5.4,  glass  Breakdown  Study  -  Dry  Blends 

The  objective  of  this  study  was  to  determine  whether.dry  blended 

laminates,  prepared  with  a  controlled  flake  size,  would  exhibit _ 

i'-prepr rtrirrr  vhi-rn  could  I3«‘13offaiatcKl"to  STSTterent  sizes  of 
mesh.  The  dry  blending  method  was  chosen; Jsl mix  glass  with  resin, 
fin  chid  method  allowed  for  formulation  of  laminate  premixes  without 
excess  flake  breakdown  during  mixing.  Previous  experience  ha3 
demonstrated  that  the  Abbe  blender  causes  degradation  of  the  glass 
during  the  mixing  cycle.  The  largo  flake  sizes  in  particular  are 
subject  to  deterioration. 

To  reduce  the  number  of  laminates  tested,  it  was  postulated 
that  the  effect  on  strength  properties  of  the  glass  flake  as 
reinforcement  would  be  independent  of  the  resin  used  in  the  composite. 
Therefore,  this  study  was  limited  to  the  EL-26  series  as  a  solid 
pulverized  epoxy  rosin  binder  system.  All  the  laminates  used  in 
this  study  were  composed  of  70%  glass  flake,  2  microns  thick. 

Although  a  70%  glass  content  level  was  chosen,  lover  glass  contents 
should  show  similar  relationships  between  flake  size  and  laminate 
strengths.  The  resin  binder  system  consisted  of  Jones  Dabney 
Epi  Egz  522  (epoxy) .  a  solid  at  room  temperature.  For  use,  this 
resin  was  pulverized  and  screened  into  the  -100  mesh  ..raction. 

Both  the  pulverized  resin  and  tho  pulverized  hardener  were  dry 
blended  to  produce  a  homogeneous  material  in  preparation  for  the 
blending  with  glass  flake.  Classification  of  glass  flake  into  the 
chosen  particle  size  range  was  accomplished  using  a  Sweco  Vibro-Screen 
separator.  Five  flake  sizes  were  chosen  for  this  study:  +8  mesh, 

+16  mesh,  +50  mesh,  and  the  +100  mesh  flake  sizes. 

Glass  flake  was  added  to  a  Patterson-Kelley  V  blender  and 
tumbled  for  a  period  of  1/2  to  one  hour  prior  to  addition  of  the 
resin.  After  the  1/2  hour  blending  time,  the  glass  flake  had 
developed  a  static  charge.  Die  pulverized  resin  and  hui dener  system 
was  then  added.  A  two-hour  dry  blending  time  was  used.  Previous 
experience  indicated  that  shorter  blending  time  did  not  give  a  good 
coating  of  the  pulverized  resin  on  glass  flakes. 
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Table  44  gives  the  curing  parameters  used  for  the  preparation 
of  all  the  laminates  in  the  series.  All  were  prepared  in  a  9  x  9 
box  mold  in  the  10  x  10  Elmes  compression  press. 


TABLE  44 


Summary  of'  Preforming  and  Curing  Parameters  for  Laminate  Preparation 
(Flake  Size  Study  -  Laminates  EL-26-3  to  -10) 
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PT  ■  Preforming  temperature,  °p, 

P.  ■  Preforming  time,  seconds 

o 

Pp  ■  Preforming  pressure,  psi 
«■ -Contact  temperature,  °p. 

c  «  Time  in  which  preformed  dry  blend  is  allowed  to  come  to 
_  .  .  y .  ..  molding  temper* tyre  at  contact  pressure,  subsaquently 
referred  to  as  contact  time,  minutes. 

Cp  =*  Contact  pressure,  psi 

Mt  »  Molding  temper a ture,  nF. 

Mq  ■  Molding  time,  hours 

Mp  ■  Molding  pressure  on  laminate,  psi 


Study  shows  that  when  a  larger  flake  size  is  formulated  into  a 
laminate  by  the  dry  blend  process,  it  degrades  during  the  molding 
process  into  smaller  flakes.  The  effect  on  strength  properties  is 
nearly  similar  to  the  effect  of  smaller  flake  size  in  a  laminate 
made  by  the  dry  blend  premix  process. 

In  Table  45,  the  glass  flake  size  found  after  molding  is  listed 
together  with  the  original  flake  size  formulated  into  the  premix. 

It  is  apparent  from  the  data  that  the  larger  flake  size  as  formulated, 
degraded  more  during  the  molding  operation  than  the  mixes  formulated 
with  smaller  flake  fractions.  The  flake  size  distribution  after 
molding  is  illustrated  graphically  in  Figure  16. 

When  the  premix  containing  all  +8  mesh  glass  flake  was  molded, 
all  of  the  +8  mesh  glass  flakes  were  degraded  to  a  smaller  size. 

The  glass  flake  size  analysis,  after  molding,  revealed  that  only 
31.3%  of  what  had  been  +8  mesh  glass  flake  was  retained  on  the  +16 
mesh  screen.  As  a  contrast,  the  premix  containing  all  flOO  mesh 
glass  flake  degraded  much  less  as  a  result  of  the  molding  operation. 


Log  of  screen  size  queuing  converted  to  mesh  number 


161* , 
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FIGURE  1  6 

Glass  Flake  Size  Distribution 
After  Molding  of  Dry  Blended 
Laminates  at  Conditions  Listed 
in  Table  3 
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After  molding  of  this  premix,  the  glass  size  analysis' revealed  that 
63.1%  of  the  formulated  flake  size,  +iou  mesh,  was  still  retained 
on  the  100  mesh  screen.  That  is,  only  36.9%  of  the  formulated  glass 
size  was  degraded  to  a  smaller  size. 

Mechanical  properties  of  the  laminates  prepared  in  this  study 
are  presented  in  Table  46.  From  this  data,  it  can  be  seen  that  the  _ 
effect_of -original— f-lake-size-on-  tensile-,— fiexurarl~aTYd “compressive 
strength,  is  minor.  The  average  tensile  properties  of  the  laminates 
prepared  using  the  +8  mesh  flake  and  +16  mesh  flake  are  slightly 
higher  than  the  average  tensile  properties  of  the  laminates  formulated 
with  the  other  three  mesh  sizes.  The  standard  deviation  of  the  tensile 
values  for  the  +8  and  +16  mesh  laminates  are  1500-2700  psi.  The 
tensile  strengths  are  therefore  within,  the  same  range  for  both 
laminates.  Even  though  the  original  glass  flake  size  was  f0  mesh 
as  a  dry  blended  premix,  during  molding  it  was  broken  down  to  a  flake 
size  comparable  to  that  of  the  +16  mesh  fraction  resulting  in  the 
final  molded  glass  flake  size  distribution  similar  to  that  of  the 
+  16  mesh,  premix,  (Refer  to  Figure  16  for  distribution  of  glass  flake 
in  the  cyred  laminates.)  The  three  remaining  fractions,  the  +30, 
the  +50  and  +100  mesh  fractions  had  slightly  lower  average  tensile 
strengths  than  the  large  flake  laminates.  The  average  for  these 
three  samples  is  between  one  and  four  thousand  lbs.  per  sq.  inch 
below  that  of  the  laminates  composed  of  the  coarser  glass  flake  sizes. 
However,  considering  the  standard  deviations  for-fche-^ laminates ~— 
1-3,000  pait  the -laminates  Gan  be^oonsidered  of  equiv&l tm%  •  •  • 

Data  in  Table  4.6  Indicate  that,  tensile  modulus  values  followed 
a  similar  pattern  as  the  tensile  strength  values.  The  +8  mesh  fraction 
yielded  a  laminate  having  the  highest  tensile  modulus  of  elasticity. 

This  property  in  laminates  of  the  remaining  fractions  is  lower  with 
the  exception  of  the  +50  mesh  glass  size  fraction.  There  is  a  general 
degradation  of  this  tensile  modulus  as  the  glass  flake  size  decreases. 
Although  tensile  strength  does  not  vary  greatly  with  flake  size,  it 
is  apparent  that  the  modulus  is  affected  adversely  by  decreasing 
flake  size. 


Flake  sizes  of  +8,  +16  and  the  +30  mesh  yielded  laminates  which 
have  flexural  strengths  ranging  from  32-24,000  lbs,  per  sq.  inch.  The 
flexural  properties  of  the  +30  mesh  glass  size  fraction  are  in  the 
range  of  25,900  and  26,800  psi.  The  degradation  of  flexural  strength 
values  with  the  very  fine  glass  sizes  is  similar  to  the  degradation 
of  properties  noted  for  the  other  stress-strain  properties. 

The  laminates  prepared  with  the  +8  mesh  glass  flake  yielded  the 
highest  flexural  modulus  of  the  entire  series.  This  was  a  value  of 
5.33  million  psi.  The  +16  and  the  +35  mesh  laminates  had  flexural 
moduli  of  4,65  and  4.60  million  psi,  respectively.  Flexural  modulus 
values  for  the  EL  26-9  laminate  were  not  calculated  because  graphs  of 
the  load  vs.  elongation  for  these  samples  were  too  irregular  to  give 
meaningful  data.  The  EL  26-10  laminate  composed  of  the  +100  mesh 
glass  flake  had  the  lowest  flexural  modulus  of  the  series,  3.92  million 
psi.  As  was  the  case  in  tensile  properties,  the  +8  mesh  and  the  +16 
mesh  and  the  +35  mesh  glass  fractions  have  given  similar  flexural 
properties  while  the  very  fine  flaka,  the  +100  mesh,  gave  the  lowest 
average  ultimate  strength  values. 
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The  compressive  strength  values  of  the  entire  series  showed  no 
general  definite  correlation  with  glass  flake  size.  Compression 
strength  of  resin  forced  plastic  composites  is  usually  a  measure  or 
a  function  of  the  resin  system  used.  Therefore,  it  was  expected 
that  no  relation  of  flake  size  to  compressive  strength  would  occur. 

An  alternate  solid  resin  system  was  developed  which  was  used  for  _ 
_a  glass  flake  size  and  mechanical-  property- study;  The  average  tensile 
values  of  the  laminates  prepared  with  70%  glass  (unclassified  flake) 
were  16,000  and  18,000  lbs,  per  sq.  inch,  as  shown  in  Table  46.  The 
tensile  values  of  the  test  series  in  question  are  much  lower  than 
should  be  expected,  because  both  the  pulverized  resin  and  the  pulver¬ 
ized  hardener  used  in  the  formulations  were  stored  at  room  temperature 
for  one  to  two  weeks.  Both  the  epoxy  resins  and  the  hardener  were 
hygroscopic  and  absorbed  water  at  room  temperature.  This  led  to 
general  deterioration  of  strength  properties.  Laminates  EL-26-1  and 
-2  were  prepared  with  fresh  resin  and  hardener  systems.  These 
laminates,  in  contrast,  gave  much  higher  average  strength  properties 
as  shown  in  Table  46,  These  results  indicate  the  advantage  of 
pulverising  and  storing  both  the  epoxy  reals  system  and  the  hardener 
in  a  low  humidity  atmosphere  prior  to  mixing. 

IV.3.S-4.1.  Conclusions 

This  study  has  illustrated  that _,the_ original  glass  flake 
fogffiqlftflgnlih'fco  dry  .blinded  laminates  does  Jiet  markedly-** f*6tHgiashr~r 
~rxaks composite  strengths .  However,  flexural  and  tensile  modulus  . 
agpeags  to  Jae  decraasad  with  decreasing  flake  'size.  Tha+Smesh, 

+16  mesh  and  +30  mesh  glass  flake  sizes  have  given  slightly  higher 
tensile  and  flexural  strengths  than  the  finer  sizes.  The  +8  to  +30 
mesh  glass  flaks  size  comprises  approximately  80%  of  the  distribution 
of  the  random  glass  flake  as  received,  and  the  mechanical  properties 
for  laminates  made  with  these  fractions  are  similar;  therefore, 
molding  of  dry  blended  composites  should  be  restricted  to  using  only 
these  or  larger  glass  flake  sizes, 

IV. 3.5.5.  The  Effect  of  Processing  Procedure  on  Pinal  Glass 
_ Content  and  Laminate  strength  Properties _ 

Using  EL-23  epoxy  based  on  50%  glass  resin  systems,  (Table  47) 
five  laminate  sheets  were  molded  at  four  pressure  levels.  The  object 
of  the  study  was  to  compare  properties  of  Abbe  premixes  that  had  been 
preoriented  and  degassed  of  air  inclusions  to  a  premix  that  had  not 
been  so  treated.  A  secondary  objective  was  to  determine  whether  high 
glass  content  laminates  could  be  obtained  by  using  molding  pressure 
to  squeeze  out  excess  resin. 

The  method  consisted  of  calendering  on  the  hand  operated  2-roll 
calender,  degassing  the  precut,  measured  sheet  in  a  vacuum  oven  for 
one  hour  at  0.1  mm.  Hg,  placing  the  degassed  sheet  into  the  preheated 
compression  mold  and  curing  the  sheet  at  the  required  pressure  and 
temperature  and  cycle  of  time  (Table  48) . 
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SUPPLEMENT  TO  TABLE  48 


.Premix  Preparation  (EL-23 Series) 

A  -  Formulated  at  50%  +  8  meah  glass  Hake  It  50%  Resin 

Resin  Composition;  Jones  Dabney  (Epoxy)  509  »  100  parts 
Methyl  Nadlc  Anhydride  90  parts 

DMP- 10  2  parts 

Mixed  in  Abbe  Mixer  5  minutes 
Mixer  Jacket  Temperature  130-150*  F. 

Premix:  Calendered  to  0. 100  sheet 

Degassed  ior  1  hr,  at  0.  5  mm,  Hg 
Molded  in  12  x  12  "Watson  Stillman  Press 
Molding:  Stop  1-2  hrs,  200*  F,  at  indicated  pressure 

(G)  Step  2-2  hr  a,  350*  F,  in  oven 

B  -  Formulated  as  60%  +8  Mesh  glass  flake  It  40%  resin  _ :  ’ 

... .  .  Raain  Same  ^3  A"  “ 

Mixing:  Same  conditions  as  B 

Premlxi  Stacked  without  orientation  It  degassing  into  preheated 
10  x  10  mold 

Molding:  Step  1  -  same  as  A 
(C)  Stop  2  -  same  as  A 


*  Molding  Pressure  -  for  Sheets  No,  7  and  9  fluctuated  during  cure- 
Reaponsible  ior  delamination  within  sheet. 
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The  relationship  between  molding  pressure  during  cure  and  final 
glass  content  is  shown  graphically  in  Figure  17.  The  position  and 
location  from  which  samples  were  cut  to  determine  glass  flake  distri¬ 
bution  within  a  glass  flake  laminate  are  shown  in  Sketch  6. 

The  tensile  and  flexural  properties  of  the  laminates  are  pre- 
-6iented-in-Table-49i—  Examination-  of  the  d  a  t  r  e  ve  aisthe  -  bene  fits- in 
increased  physical  properties  obtained  through  degassing  and 
orientation. 

Figures  18  and  19  compare  the  glass  flake  size  distribution  after 
blending  and  after  molding.  The  data  shows  that  glass  flake  fines 
will  flow  to  h  greater  extent  than  larger  flakes »  therefore,  a  higher 
percentage  of  large  flakes  are  retained  in  the  center  of  the  laminate. 

bata  in  Tables  50,  51,  and  52  were  obtained  from  a  similar  study 
using  the  multiple-calender  roller  assembly  to  process  the  sheet. 

The  data  indicates  that  laminates  produced  from  calender  oriented 
sheets  contain  the  same  glass  flake  size  distribution  as  the  process 
premix.  Therefore,  apparently  if  the  preform  sheet  is  highly  oriented, 
high  compression  molding  pressures  do  not  have  the  degrading  effect 
experienced  in  molding  bulk  premixes. 

iy 1.,.^,  Concluarons -  - - - - - - - . 

The  process  of  orienting  and  degassing  premixes  yields  laminates 
with  increased  tensile  and  flexural  strengths  and  lower  void  content , 
Molding  pressure  can  be  raised  to  control  final  glass  content,  however, 
final  glass  content  attainable  is  a  function  of  mold  clearance.  At 
0.008"  clearance,  a  78%  glass  content  wa3  obtained  from  a  50%  glass 
promix.  The  control  over  final  premix  composition  is  nonexistent? 
prediction  of  the  value  was  pure  guesswork  on  the  part  of  the  operator. 
Therefore,  although  the  glass  content  can  be  increased,  this  is  not 
a  suitable  production  method. 

Flow  of  fine  glass  flake  takes  place  from  the  center  of  the 
laminate  to  the  outer  edges  leaving  larger  flakes  in  the  center. 
Extensive  crushing  of  non-oriented  glass  flake  particles  occurs 
during  the  molding  cycle  when  pressures  of  1000  psi  are  used.  The 
degradation  of  flake  is  reduced  by  orientation  of  the  flake. 

It  was  data  from  this  study  which  revealed  the  potential  value 
of  the  proposed  roller-orientation  process  and  gave  incentive  to 
more  detailed  study  of  that  phase  of  the  program. 

IV. 3. 5. 5. 2.  Effect  of  Roller  Calendering  Upon  Physical  Properties 

The  study  was  designed  to  reduce  the  large  number  of  process 
and  raw  material  variables  encountered  (except  variations  in  wet 
flake  treatment) ,  in  the  preparation  of  laminates  from  oriented 
(calendered)  and  non-oriented  premixes.  The  effect  of  glass  flake 
content  upon  laminate  strength  and  visual  quality  was  also  evaluated. 


?9.7  % 
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G  LASS  CONTENT  DISTRIBUTION 
WITHIN  CURED  LAMINATE  SHEET  (9  x  9  inch} 
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FIGURE  19 


Distribution  Plot  of  Individual  Screen  Analyses  for  Premix  and 
Cured  Compression  Molded  Epoxy-Glass  Flake  Sheet  (EL-^3-1) 
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The  premixes  were  prepared  in  the  Abbe  mixer  using  a  tightly 
time  controlled  blending  procedure.  The  glass  flakes  were  added  to 
the  preblended  resin  over  a  10  minute  period  of  time.  The  blending 
was  continued  for  exactly  20  minutes  after  the  last  flake  was  added. 
Lowest  blade  speed  was  used  during  the  addition  period  and  highest 
speeds  during  the  mixing  period.  The  blended  material  divided  into 
two  portions  for  processing  which  were  treated  as  described  below. 


One  portion  of  the  premix  was  processed  through  the  roller- 
calender  assembly  into  oriented  sheets,  stored  at  ambient  temperatures 
25  hours  until  B-staged,  cut  into  the  correct  size  and  weight  of 
preform,  charged  into  the  preheated  mold  cavity  for  a  specified 
length  of  time,  and  cured  under  rigid  molding  conditions  (Table  53). 
These  laminates  are  designated  ELR4  series.  Two  laminates  1/16"  and 
1/8"  thick  were  molded  for  each  glass  flake  content  50%,  60%  and  70%. 

The  second  portion  of  the  wet,  unoriented  premix  was  preweighed, 
charged  directly  into  the  preheated  mold,  preheated  for  a  specific 
length  of  time  and  molded  under  rigid  molding  conditions  (Table  53), 
These  laminates  are  designated  ELU4  series. 

The  physical  properties  of  the  laminates  are  listed  in  Tables  54 
and  55,  together  with  calculated  confidence  limits  of  the  data  at 
95%  level.  It  can  be  seen  that  generally  superior  properties  were 
ofetaine^LJEroitL  the  .calendered  flake. ^.Significant  improvement  in 
tensile  srogertiag  were  real ieed,  although  the  improvement. of. other 
properties  ware  not  as  spectacular, 

it  should  be  noted  that  the  calender  oriented  sheets  used  in 
this  study  exhibited  a  major  defect  which  results  from  warpags  of 
the  wooden  rolls  in  the  assembly.  The  effect  of  this  warpage  produces 
variations  of  sheet  thickness  along  the  calendered  length.  This  thick 
portion  represents  an  area  of  lessened  compression  pressure  on  the 
premix.  The  wavy  sheet  eff9Ct  is  shown  in  Photograph  32*  use  of  an 
improved  roller  calender  assembly  would  result  in  elimination  of  this 
defeat  with  resulting  significant  increases  in  properties. 

The  tensile  strength  of  the  ELR4  series  was  apparently  uneffected 
by  glass  content,  the  tensile  modulus  of  the  70%  glass  series  was  the 
highest  recorded  for  the  study. 

The  glass  flake  size  distribution  of  the  specimens  after  mixing, 
after  processing  and  after  molding  was  determined  using  the  techniques 
described  in  tills  report.  The  results  of  this  phase  of  the  study  are 
of  major  importance,  it  was  determined  that  the  chemical  composition 
of  the  glass  flakes  used  in  this  study  differed  from  the  previous  glass 
flake  supplied.  This  glass  flake  dissolved  (up  to  50%)  in  nitric  acid. 
All  data  reported  for  the  later  series  of  experiments  may  be  suspect 
since  the  chemical  composition  of  the  glass  may  effect  resin  bond, 
glass  flake  properties  and  glass  flake  laminate  properties. 
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Glass  flake  laminates  were  digested  in  nitric  acid  to  remove 
the  resin  binder  without  effecting  the  glass  flake  content  in  all 
studied  described  in  this  report.  The  premix,  oriented  sheet  and 
laminates  were  submitted  to  the  same  digestion  process  to  determine 
the  effect  of  processing  and  molding  upon  glass  flake  particle  size 
distribution.  The  results  obtained  are  listed  in  Table  56  and  show 
that  excessive  loss  of  glass  flake  contents  were  encountered.. _ 


Exhaustive  investigation  showed  that  the  weighed  quantities  of 
ingredients  U3ed  in  preparation  of  the  premix  were  correct,  that  the 
balances  used  to  weigh  the  ingredients  and  specimens  were  in  proper 
working  order.  Therefore,  the  tests  shown  in  Table  57  were  performed. 
The  results  reveal  that  the  glass  flake  in  the  new  batches  (Boxes  A 
to  GJ  was  different  from  the  older  sample  of  flake  representing 
material  used  in  early  development. 

As  part  of  the  early  phases  of  the  program  an  anhydride 
cured-epoxy  laminate  was  produced  which  exhibited  the  highest  tensile 
value  (21,800  psi)  recorded  during  the  entire  program.  Because  of 
the  emph.isis  on  process  know-how,  development  and  production  of 
prototype  parts,  this  interesting  lead  was  not  investigated  further 
at  the  time.  After  consideration  of  the  improvements  of  strength 
noted  in  use  of  calender  oriented  material,  an  attempt  was  made  to 
duplicate  the  earlier  experiment  to  see  if  newly  developed  techniques 
would  cause— increases  of  tensile  s trengthv^*"^” 

....  The  blend..  (.Tables  58.  and.  59)  was  Abbe,  premixed  and  calendar 
oriented  into  flat- sheets.  The  sheet  was  cur  into  9X9  inch  squares, 
removed  from  the  heavy  parting  paper  and  placed  between  mylar  sheet 
prior  to  exposure  to  the  vacuum  and  subsequent  molding.  Trimming 
one  inch  from  all  the  edges  removed  all  traces  of  occluded  air  from 
the  laminate. 

The  molded  units  which  were  produced  were  of  visually  superior 
quality,  highly  transparent  and  free  from  all  visual  defects  such  as 
air  bubbles,'  check  or  flow  lines  and  misoriented  opalescent  areas. 

Physical  test  data  for  these  laminates  are  presented  in  Table  58. 
The  tensile  strength  did  not  reach  the  high  21,800  psi  value  pre¬ 
viously  reported  for  the  system. 

The  low  tensile  values  exhibited  by  these  apparently  perfect 
laminates  are  discouraging.  Only  three  factors  could  be  causing 
these  low  values.  1)  Glass  flake  degradation  may  have  been  excessive; 
because  the  glasB  is  acid  soluble  this  could  not  be  determined, 

2)  The  glass  flake  laminates  have  a  tensile  strength  limit  which  is 
in  the  reported  range,  and  3)  the  change  in  glass  flake  chemical  com¬ 
position  has  adversely  effected  the  physical  properties. 

Tables  60  and  61  list  the  physical  properties,  95%  confidence 
limits  and  molding  parameters  of  a  variety  of  laminate-:  produced  in 
efforts  to  determine  a  number  of  concepts  investigated  in  support 
of  the  developments  described  in  this  report. 


Roller  Calendered  Oriented  Premix  Sheet 
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Table  56 

Effect  of  Nitric  Acid 
Upon  Glass  Flake  Laminate 


Re  tiii 
wt. 

Glaas 

Wt. 

%  Resin 
Calc. 

%  Glass 

Calc. 

%  Resin 
Anal, 

%  Glaas 
Anal. 

% 

Lob* 

EUJ  4-5  It  6 

1284  g 

3000  g 

30 

70 

52.3 

47.7 

32.0 

ELR  4-5  k  6 

1284  g 

3000  g 

30 

70 

52.9 

47.1 

33.0 

ELU  4-3  It  4 

2000  g 

3000  g 

40 

60 

46 

55 

10.0 

SLR  i-3  It  4 

2000  g 

3000  g 

40 

60 

58.9 

41.  1 

32.0 

ELU  4-1  It  2 

ELR  4-.J  It 

2000  g 

2000  g 

2000  g 

50 

50 

68.6 

31.4 

37.0 

2000  jp-~ 

50 

_ 50 _ 

77.9 

-ga-.-i — 

_ 

V 

\  - — 

“  - 

-  -  ■ 

-  •  • 

SUl  3-14 

2666. 6g 

4000  g 

40 

60 

40,5 

59.5 

0,83 

ELK  3-5 

2666. 6g 

4000  g 

40 

60 

39.6 

60.4 

0.67 

EL  23-8 

133. 3g 

200  g 

40 

60 

40. 1 

59.9 

0.  16 

SJU  49-2 

133. 3g 

200  g 

40 

60 

40.6 

59.4 

0.  10 

CL  23-4 

199. 9g 

200  g 

50 

50 

49.8 

50.2 

0.40 

Pbyatca  38th  Edition  ,  tmgm  2X7 
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Laminates  ELR3-6,  ELR 3-9  and  ELR3-12  were  prepared  to  determine 
the  effect  of  layering  plies  of  oriented  sheets  to  form  laminates 
upon  physical  properties  and  effect  recalendering  has  upon  the 
laminates. 

Laminate  ELR 3-6  was  reprocessed  through  the  roller  calender 
using  the  same  nip  clearance  used  in  the  first  pass  through.  The 
sheet -size  -increased  and -bead  buildup-on—the  f  eed- sides- bf  _tKe~?oTls~ 
were  noticed,  indicating  substantial  decompression  had  been  experienced 
after  the  first  pass. 

In  preparing  laminate  ELR3-9,  the  parting  film  was  removed  from 
one  surface  of  two  squares  of  the  wet  sheet.  The  two  sheets  ware 
..  pressed  together  by  hand  to  form  a  single  sheet. 

Laminate  ELR3-12  was  prepared  by  removing  the  parting  paper  from 
both  sides  of  two  sheets  of  wet  premix.  The  two  sheets  were  molded 
immediately. 

Examination  of  the  data  in  Table  60  shows  that  wet  molding  of 
the  oriented  glass  flake  sheet  material  produced  the  strongest  laminate. 
Except  for  tensile  properties,  no  difference  between  the  recalendered 
shoot  and  the  hand  bonded  2-ply  laminate  was  found,  -..The  recalenderod  _ 
sheat  showed  some  improvement  in  tensile  properties.  This  increase 
results  from  an  in  ere  as  ed_JJ  lak.c_or  le  rotation. - — — - .  rr-- -zrrrrr- 

3BL6Qr4oT'l Box  a  and  EL60-4Q  Box  B  laminate  aerleslwaa.  propire.dU-.— -  - 
in  an  attempt,  to  ‘datwei&fc*  if : classified  flake'  selected  frcm  boxsBv  ■“ 
which  contained  wide  ’4  if f srence  in  ai2s  distribution  would  produce 
laminates  possessing  different  properties.  Theoretically,  if  only 
the  flake  size  was  different,  classification  of  flake  Ghould  eliminate 
this  variable  and  produce  laminates  with  similar  properties. 

The  blending,  processing  and  molding  of  the  four  laminates  were 
performed  under,  rigid  controlled  procedures  (Table  63),  The  laminatee 
wore  prepared  in  two  thicknesses  and  exhibited  no  visual  differences 
which  were  readily  apparent. 

Examination  of  Table  60  shows  that  both  laminates  produced  from  - 
glass  identified  as  Box  A  exhibited  significantly  higher  compressive 
properties  than  those  produced  from  Box  C,  While  confidence  limits 
were  not  determined,  average  tensile  values  indicate  similar  trends 
exist. 

The  unclassified  glass  flake  in  Box  A  contained  substantially 
less  of  the  large  size  flakes  than  did  Box  C,  Therefore,  we  had  to 
conclude  classification  of  flakes  from  dissimilar  original  lots  does 
not  produce  similar  laminate  properties. 

The  laminates  in  series  ELR3-1,  ELR3-15A  and  ELR3-15B  (Table  60) 
were  prepared  to  evaluate  the  effect  of  vacuum  blending  upon  physical 
properties  and  the  effect  of  variation  in  the  extent  of  the  partially 
cured  resin  (B-stage)  upon  physical  properties. 
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The  blending,  processing  and  molding  of  the  laminate  specimens 
was  rigidly  controlled  (Table  61) .  The  vacuum  hopper  Abbe  blending 
process  is  fully  described  elsewhere  in  this  report. 

Examination  of  Table  60  shows  no  trends  even  though  the  average 
tensile  strength  of  the  vacuum  hopper  blends  appears  to  be  higher. 

The  molding  and  roller-calendering  processing  of  all  three  of  the 

-laminates  was--identical-i — Thereforej  since  the  glass  flake  size - 

distribution  of  the  final  premix  was  the  same  in  all  cases,  the 
similarity  in  physical  properties  of  the  laminates  is  understandable. 
The  glass  flake  breakdown  studies  have  shown  that  glass  flake  pre- 
mixes  which  have  been  Abbe  blended  exhibit  similar  glass  flake  size 
distribution  regardless  of  the  premix  blending  process  used. 


IV. 3. 5.5.2. 1.  Conclusions 


increased  physical  properties  are  obtained  when  roller-calendered 
sheet  material  is  laminated.  Tensile  strength  appeared  uneffected  by 
glass  flake  content.  An  apparent  variation  in  the  chemical  composition 
was  uncovered  in  the  last  order  of  flake  purchased.  These  flakes 
exhibit  a  marked  solubility  in  concentrated  nitric  acid.  The  effect 
of  this  chemical  difference  upon  such  important  factors  as  resin  to 
glass  flake  bonding,  untreated  glass  flake  physical  properties  and 
glass  flake  laminate  properties  is  unknown.  The  result  obtained  with 

laminates  from  an  anhydride  cured  epoxy .system  which  had  yielded  £he - 

h4gh«at>  tensile  value  obtained  during  the  contract  period  was- aot--.  =,= 
reproduced  whan  fabricated  from  a  new  batch  of  flake,  . . . .... 


Molding  "wet"  oriented  sheets  produces  laminates  Which  are 
stronger  than  layering  B-stago  plies  or  layering  wet  sheet  and 
B-staging  the  composite  before  molding.  Recalendered  sheet  produced 
laminates  with  properties  similar  to  properties  obtained  from  specimens 
in  Which  sheet  was  calendered  only  once.  This  indicates  that  use  of 
a  calender  with  additional  roller  units  could  compress  and  orient 
the  flakes  further  to  produce  superior  laminates. 


Classification  of  dissimilar  glass  flake  lots  does  not  produce 
a  common  base  material.  This  information  increases  our  belief  that 
each  lot  of  glass  flakes  is  possibly  chemically  and  physically  difforent 
will  cause  unpredictable  process  variability  and  may  result  in  unfore¬ 
seen  strength  variations. 


Vacuum  processing  of  resin  glass  mixtures  increased  tensile 
properties  of  the  laminates  slightly.  The  degradation  of  glass  flakes 
during  the  blending  process  under  vacuum  causes  a  reduction  of  the 
glass  flake  particle  size  to  a  level  similar  to  that  obtained  when 
blending  occurs  at  atmospheric  pressure. 


IV. 3, 5, 5, 3,  Micro  Appearance  of  Glass  Flake 

In  addition  to  determining  the  glass  flake  content,  breakdown  in 
size  distribution,  effect  of  distribution  on  processing  upon  laminate 
properties  and  orientation  on  physicals,  the  micro  appearance  of  glass 
flakes  in  laminates  was  determined. 
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Photomicrographs  were  obtained  on  selected  specimens  ranging 
from  50%  to  80%  glass  flake  contents.  Table  62  lists  the  process 
and  molding  parameters  of  the  laminates  from  which  the  photographed 
specimens  were  chosen. 


Analysis  of  mlcrophotocrraphs 


Photomicrographs  were  made  of  the  following  laminates t 


EL-15-18  70%  glass 

EL-15-20  50%  glass  (20 

EL-15-21  60%  glass  (15 

EL-15-22  60%  glass 

EL-15-34  80%  glass 

EL-23-4  70%  glass 


tons  molding  pressure) 
tons  molding  pressure) 


At  the  50%  and  60%  glass  center,  c  (EL-15-20  and  -21  c£.  Photo¬ 
graphs  33  and  34)  flake  alignment  within  the  composite  appears  quite 
uniform  with  some  instances  of  curved  flakes.  Resin  binder  thickness 
appears  to  be  on  the  order  of  8-15  microns  thick.  This  minimum  resin 
binder  thickness  has  been  postulated  as  a  key  factor  in  tensile  strength 
properties.  We  believe  the  desirable  resin  binder  thicknesses  have 
resulted  from  the  use  of  high  pressures  on  the  preformed  sheets  during 


curing.  In  Photograph  33  the  transverse  cross-section  illustrates  the 

presence  of  a  thicker  resin  boundary  Where  the  two  preforms  borided, - - 

lEIakCS.^prcPaalV'  resuming  crusning  during  bonding, 

and  a  departure  from  flake  parallelism*  „  _Jt  is  believed  that  the 
81  ighfly“l argerr  e  s in  binder  thickness  observed'has  no  effect  oh 
laminate  tensile  properties  because  it  is  still  less  than  20  microns. 


Previous  work  indicates  that  a  thickness  of  20  microns  and  greater  in 


resin  binder  will  lower  strength  properties. 


Photograph  34  illustrates  a  60%  glass  laminate  (EL-15-21)  molded 
at  a  pressure  of  15  tons.  Photograph  33  illustrates  a  50%  glass 
laminate  molded  at  20  tons  hydraulic  pressure.  The  laminates  had 
average  tensile  strength  values  of  14,1  and  14.0  respectively.  Flake 
spacing  in  the  laminate  produced  at  the  lower  pressure  appears  slightly 
larger  but  still  within  the  range  'elieved  desirable. 


Photograph  35  dopi.cts  the  EL-15-22  laminate  containing  60%  glass. 
The  tensile  strength  of  this  sample  was  unexpectedly  low,  10,800  psi. 
The  m.terophotograph  of  this  specimen  contains  «  possible  explanation 
for  this  result.  At  the  center  of  the  laminate,  where  the  two  preforms 
used  are  bonded,  there  appee  'S  to  be  an  area  where  large  resin  binder 
thickness  is  significantly  greater  than  in  other  pictures.  At  one 
point,  resin  binder  thickness  is  32  microns.  Orientation  of  the  flake 
throughout  the  remainder  of  the  composite  appears  uniform  and  average 
resin  binder  thickness  varies  from  2-12  microns.  The  resin  binder 
thickne. i  of  the  60%  glass  sample  is  lower  than  the  resin  binder 
thickness  of  the  50%  glass  laminate  as  would  be  expected  from  higher 
glass  content. 


Photograph  33 

Photomicrograph  (100  X)  of  Laminate  EL-15-20 
containing  50  per  cent  glass 

UL;  average  appearance 

UR:  longitudinal  cross  section 
LL  surface  perpendicular  to  lamination 
LR:  transverse  cross  ueclion 


*3»5? 
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Photograph  35 

Photomicrograph  (100  X)  of  Laminate  EL-15-22 
containing  60  per  cent  glass 

UL:  average  appearance 

UR;  longitudinal  cross  section 

LL:  surface  perpendicular  to  lamination 

LR:  transverse  cross  section 
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The  7096  glass  laminate,  EL- 15-18,  Photograph  36,  exhibited  good 
flake  orientation  and  smaller  resin  binder  thickness  approximately 
1  to  4  microns.  Correspondingly,  the  average  tensile  strength  of 
this  laminate  was  high,  15,  300  psi,  and  again,  the  appearance  of  a 
resin  rich  bond  line  is  revealed  where  the  two  preforms  were  joined. 

This  resin  rich  line  is  only  approximately  20  microns  in  thickness. 

- - The-8096-glass  oontent-laminatey  EL-15- 347_PKotefgfaph— 37  r^reveaTs  I 

an  even  closer  glass  flake  packing,  with  an  average  resin  binder 
thickness  of  1  to  3  microns.  This  close  flake  packing  would  account 
for  the  high  average  tensile  moduli  of  9.63  million  psi  reported. 

Many  flakes  seem  to  have  no  resin  between  them,  indicating  that  resin 
coverage  is  sparse.  This  observation  coupled  with  the  recorded  low 
tensile  strength  value  of  13,200  psi  is  indicativ'.  that  a  limiting 
glass  content  is  being  approached  where  insufficient  resin  coverage 
contributes  to  reduction  of  tensile  strength  properties. 

Photograph  38  shows,  for  comparison,  a  laminate  containing 
70%  glass  prepared  by  the  Abbe  mixing  method,  which  utilizes  liquid 
resin  blending.  This  laminate,  EL-23-4,  is  the  same  laminate  that 
has  exhibited  tensile  strength  found  in  this  program,  22,900  pel 
(average  19,600  pai).  The  uniform  flake  parallelism,  and  low  resin 
binder  thickness  (1-3  microns)  are  obvious.  The  picture,  in  support 
of  flake  orientation  and  resin  thickness  theory  demonstrate  the 
_ _  advantages  Abbs  premixes  have  apparently  in  yie iding  laminates  having  • ' 
__ .  ,v ...higher  tenfAl#  strength,  tensile.  - 

flexural  moduli.  "  .  . . . i 


XV. 3. 5. 5. 3.1.  conclusions 

Maximum  resin  bonder  thickness  should  not  exceed  20  microns. 
Preform  sheets  exhibit  thicker  inter-sheet  resin  layers  but  generally 
the  thickness  is  below  the  20  micron  range.  Compression  molding 
pressure  adversely  effects  glass  flake  size*  Eighty  per  cent  glass 
flake  content  laminates  exhibit  micro-resin  starved  areas  indicating 
an  approach  to  maximum  glass  loading  content* 


Photograph  36 

Photomicrograph  (100  X'  of  Laminate  E.L-15-18 
containing  70  per  cent  glass 

UL;  average  appearance 

UR:  longitudinal  cross  section 

Llli:  surface  perpendicular  to  lamination 

LR:  transverse  cross  section 


Photograph  37 

Photomicrograph  (100  X)  of  Laminate  EL-15-34 
containing  80  per  cent  glaaB 

UL:  average  appearance 

UR:  longitudinal  cross  section 

LL:  surface  perpendicular  to  lamination 

LR:  transverse  cross  section 
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V.  Phaae  III  Fabrication  of  Selected  Complex  Shapes 
V.  1.  Introduction 

After  approximately  a  year  of  effort  devoted  to  selection 
of  resin  systems  from  commercially  available  supply,  the  develop¬ 
ment  of  mixing  methods,  and  the  pilot  studies  of  process  capability, 
a-deeision-was-mada' to-begin  Phase_III— of  ~ the ~ study ,  We  recognized" 
the  limitations  of  the  systems  developed  to  that  time,  but  believed 
it  to  be  in  the  best  interests  of  the  Air  Force  to  Initiate  the 
investigation  of  the  capabilities  of  glass  flake  resin  premixes  In 
conventional  plastics  production  facilities.  Concurrent  .with  this, 
we  continued  to  work  additional  theory  and  leads  on  Phaae  II, 

Although  the  contract  permitted  the  expenditure  of  several 
thousand  dollars  for  dies,  molds  and  related  e*_  ,ipment,  we  felt  that 
sufficient  aircraft  and  missile  parts  were  being  produced  from 
reinforced  jblastias  to  permit  us  to  negotiate  with  other  Air  Force 
contractors  for  use  of  their  facilities.  This  approach  would  not 
only  save  the  Air  Force  money,  but  would  also  present  an  opportunity 
to  evaluate  glass  flake  resin  systems  in  direct  comparison  with 
standard  production  plastics  missile  hardware.  We  were  gratified 
with  the  acceptance  and  speedy  approval  by  the  sponsor  of  this 
concept,  and  promptly  began  a  survey  of  Air  *  „ee  contractors  in 
...this  geographical-area,  where.  Phase  III  might  be  performed under  - — 
our  technic.el-.e.'iagnigancetr  -  .  ...  - — —  ~~ — 

A  8Ubeohtrftc¥.3br-  the^lwoductior.  prototype  molding  of 
Phase  III  with  the  Plasties  .Division  of  Raytheon  Manufacturing 
Company  in  Maynard,  Massachusetts,  was  approved  by  the  sponsor. 

The  Plastics  Division  of  Raytheon  specializes  in  the  molding  of 
reinforced  plastics  and  composites  for  the  military.  They  have 
molded  radomes,  nose  cones  and  rocket  nozzles,  etc.  and  were 
equipped  with  the  necessary  molds,  high  pressure  presses,  and  other 
plastics  fabrication  equipment  to  fully  evaluate  our  approaches  to 
Phase  III  molding »  The  following  were  compression  molded » 

1.  Missile  fin 

2.  Practice  nose  cor* 

3.  An  ablative  test  nose  cone 

4.  Nose  cone  insert 

5.  Rocket  exhaust  nozzle.. 

A  sixth  and  seventh  configuration,  the  Electronic  Gate  and 
Electronic  Bridge  were  transfer  molded,  The  seventh  configuration 
was  molded  at  IBM,  Peekskill,  New  York. 

V.  2,  Missile  Stabilizing  Fin 

V.  2,1,  50%  Glasa  content  (Epoxy  Resin  System) 

Photographs  39,  40  and  41  show  the  molded  fin.  To  mold  these 
fins,  the  Q-shaged  granulat'd  dry  opoxy  premix  containing  50% 
glass  flake  was  used.  Using  Raytheon's  7KW  "Thermall"  dialectric 


Photograph  39 
Missile  Pin 

50  Per  cent  Glass  Flake-Epoxy  Laminate 


Photograph  40 
Side  View  of  Missile  Fin 
(showing  detail  of  support  base  and  fin 
as  molded  in  press) 

50  per  cent  Glass  Flake-Epoxy  Laminate 
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Photograph  41 
Backlighted  Missile  Fin 
50  per  cent  Glass  Flake-Epoxy  Laminate 
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heater,  we  were  able  to  dielectrically  preform  the  molding 
compound  into  briquettes,  3-1/4  x  3-1/4  x  3/4  inch  thick,  which 
were  subsequently  preheated  in  the  dielectric  heater  and  molded 
in  the  six  cavity  mold,  A  total  of  10  fins  was  made  by  this 
method.  The  first  four  fins  were  made  at  varying  molding  temper¬ 
atures  to  see  whether  these  flow  lines,  apparent  in  Photograph  41, 
could  be  reduced  by  using  varied  mold  temperatures.  It  seemed 

apparent  that  the  number  of  the  flow  lines  could  be  reduced,  but _ 

-not-completely  eliminated-by'rraTfipulatridn- of  molding  temperature. 

A  range  of  270-30Q°F.  resulted  in  the  least  number  of  flow  lines 
in  the  molded  fin. 

Excellent  mold  fill  and  mold  reproducibility  was  exhibited 
by  the  epoxy-glass  flake  system.  The  molding  of  the  resin-glass 
composite  into  the  fin  shape  was  made  difficult  because  of  flow 
requirements  to  fill  the  mold.  The  resin  must  flow  along  a 
horizontal  plane  and  then  into  a  vertical  "T"  section  within  the 
mold.  The  support  base  of  the  fin  is  molded  in  this  fashion. 

The  fins  are  molded  in  a  six  cavity  mold  in  the  position  indicated 
in  Photograph  40,  (The  fins  pictured  in  Photographs  39  and  40 
exhibit  some  streaking  on  the  surface.  This  is  caused  by  an 
excess  of  mold  release,  Garan  225,  mixing  with  the  premix  charge.) 

V.  2.2,  70%  Glass  Content  (Spoxv  Resin  System) 

A  aeries  of  llns  was  also- molded  containing  70%  glass  flake  ~ 
re  lftfordement  and  the  same,  eaoxv  res  in  system  -uped  f&r'thcfins''  " 
molded  with  50%  glass  as  above.  The  molded  appearance  of  the  fins 
containing  7094  gia#p  wa?  much  ’Improve  ,  the  £  lbs  produced 
containing  50%  glass  flake  with  respect  -he  presence  of  point 
lines  within  the  laminate. 

In  molding  the  70%  glass  missile  fins,  it  was  discovered 
that  the  B-staged  dry  premix  could  also  be  preformed  using  a  7KW 
dielectric  heater  followed  by  compression  into  the  3-1/4  x  3-1/4 
inch  briquette.  However,  it  was  also  discovered  that  the  amount 
of  preheating  required  to  enable  ths  pramix  blend  to  be  preformed 
(80  seconds)  advanced  the  cure  of  the  resin  binder  system  so  that 
during  molding,  the  resin  did  not  flow  sufficiently  to  give  a 
translucent  part. 

The  method  used  to  mold  the  fin  with  the  best  molded  appearanc 
was  to  preheat  the  dry  preraix  for  10  second  and  then  bulk  load  the 
material  into  the  mold. 

V.  2.3.  70%  Glass  Conte nt  (Polyester  Resin  System) 

The  polyester  resin  based  premixes  which  cannot  be  B-staged 
or  preformed,  are  charged  directly  into  the  fin  mold.  Molded 
appearance  of  these  fins  was  acceptable,  however,  only  two  of 
the  eight  molded  fins  could  be  ejected  from  the  mold  without 
breaking.  Poor  hot-strength  of  the  polyester  laminates  waa 
responsible  for  these  failures. 


Table  63  presents  the  summary  of  preforming  and  molding 
parameters  used  in  the  molding  of  the  nose  cone  inserts  and 
missile  fins. 

The  fins  produced  with  the  50%  and  70%  glasa-epoxy  molding 
compounds  were  cut  for  testing  of  the  tensile  and  flexural 
strengths.  These  properties  were  then  compared  with  those  of 
the  fin  being  molded  by  Raytheon  with  Minnesota  Mining  and 

Manuf acturing * s  fiberglass  reinforced  molding-compound - 

" Scotchply  ~  1100 " The  comparative  data  presented  in  Table  64 
indicate  that  both  the  tensile  and  flexural  strength  of  the 
glass  flake  reinforced  missile  fin  are  substantially  lower  than 
the  fiberglass  reinforced  fin,  as  experienced  in  previous 
comparisons  of  the  two  systems.  However,  it  should  be  noted  that 
the  tensile  moduli  are  equivalent  in  the  molded  fins.  Of  importance 
is  the  greater  flexural  modulus  attainable  with  the  70%  glass  flaks 
reinforced  fin»  which  is  twice  the  flexural  modulus  of  the  fiber¬ 
glass  reinforced  fin. 

_ Miscellaneous.  Molded  Fltia 

Four  fins  were  also  molded  from  a  B-staged  premix  containing 
a  phenolic  resin  binder,  however,  none  of  these  were  blister-free. 
The  silicone  resin  system  was  not  used  because  of  the  long  curing 
time.  -  •• 

_ The  general  molding  procedure  used  MW all  toe  „„ 

c the r  parta  moidedv—A  'grain  placSS I  n  tK  ci  pre¬ 

heated  compression  mold  and  cured  as  indicated  in  Table  65, 

Photograph  42  illustrates  seven  of  the  molded  fins.  Three 
contain  50%  glass  flake  -  the  remaining  oontain  70%  glass  flake. 
Also,  a  fin  containing  80%  glass  flake  was  molded  which  was  poor. 
Resin  flow  during  molding  prevented  complete  bonding  of  the 
support  base  to  the  vert.i  -il  fin  section  although  molded  appearance 
of  the  fin  section  was  excellent. 

Phonographs  43  and  44  illustrate  four  of  the  inert  fill*,,, 
missile  fins  formulated  with  polyester  resin,  glass  flake,  asbestos 
and  calcium  carbonate. 

V.  3.  Hose  Cone.  Insort 

Photographs  of  the  molded  parts  appear  in  Photographs  45, 

46,  47  and  48.  Photographs  45  and  46  depict  the  front  and  rear 
views  of  the  7"  diameter  convex  part.  The  mold  used  was  a  semi- 
po&itive  mold  with  the  male  cavity  located  In  the  bottom  platen 
and  the  female  cavity  located  in  the  upper  plater  of  the  press. 

This  arrangement  is  used  in  order  to  mold  in  a  special  wet  lay-up 
and  two  copper  inserts.  (Ordinarily,  with  other  compression  molds, 
the  male  cavity  is  located  in  the  upper  platen  of  the  press  and 
the  female  cavity  is  located  in  the  lower  platen  of  the  press.) 


Supplement  to  Table  63 


Preforming j  f 

P~  ^  preFeaVl:  Ime"  in  ‘ff!irha  rma  11"  7KW  Dielectric 

e  heater,  seconds 

Preheating  prior  to  molding i 

M  .  *  preheat  time  in  "Thermall"  7KW  Dielectric 

P"  heater,  seconds 

Molding  Parameters! 

Mp  ■  molding  pressure  on  Fin,  pel 

Me  *  molding  time,  minutes 

Mt  ■  molding  temperatures,  °F. 


Molding  equipment  used  at  Raytheon  t -  ■-  — * 

Insert i  30  ton  Elmes  Automat,  "Hydrolair"  Press 
Pint  460  ton  Brie  Engine  &  Machine  Co,  compression  Press 


Parts 


Epoxy i  Jones  Dabney  509 
*  "  504 


75 

25 


—  Shell  i 

(Eutectic  amine  mixture) 

Polyester!  American  Cyanam id 

Laminae  4128  100 

Benzoyl  peroxide  2 

Mixing* 

1/2  hr.  in  abbs  mixer  at  45  rpm. 
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Photograph  45 

Front  View  of  50  Per  Cent  Glaas  Flake-Epoxy 
Nose  Cone  Insert 
(Convex  Surface) 
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This  part  is  later  molded  into  the  head  of  a  tactical 
nose  cone.  The  molded  part  weighs  300-350  grams  and  the 
production  unit  is  molded  from  a  polyester-fiberglass 
reinforced  promix  molding  compound  containing  inert  fillers. 

The  characteristics  of  the  mold  required  that  we 

formulate  nvr-^ix  capable  of  being  formed^  into  a  ball  and _ 

plaeod-upcr  fl  male- cavity- ih _fche  press.'  Dry  molding 
compound?  .  auid  not  bo  used. 

1*. _ 3.1.  Description  of  the  Molding  Procedure 

A  preweighed  premix  charge  of  400-450  grams  is  formed 
into  a  ball  by  hand  and  then  placed  at  the  apex  of  the  male 
mold.  The  press  is  then  closed  and  curing  takes  place  in 
.accordance  with  the  prescribed  cycle.  The  formulations  and 
curing  parameters  for  the  inserts  are  presented  in  Table  66. 

The  method  described  previously  was  UBed  to  fabricate 
inserts  from  a  50%  glass-50%  epoxy  resin  wet  premix. 

Parameters  for  units  molded  by  this  technique  are  recorded 
in  Tables  63  and  66. 

The  alternative  method  used  to  make  one  piece  was  to 
plage  several  praorian.fc.ad  u -staged  sheets  of  50%  glass,  epoxy 
based  on-  fehe  male  .cavlbv.-^d  ol^»  th^  moid .  Tbn  iatcar  “  ' 
method,  although  more  Iroi.wlesoma  with  respect  to  handling 
operations,.  yielded  the  boat  of  three  parts.  Replication 
of  mold  surface  and  finish  appeared  excellent. 

V«  li^.EiiigtAttS...Wpss  cop?  . 

Dimensions  of  this  molded  part  are  11-1/2  inch  length, 

11  inch  outside  diameter  by  an  approximate  0.250  wall  thick¬ 
ness,  The  molded  part  weighs  between  .  ix  and  seven  pounds. 

Production  orders  for  this  part  are  fabricated  from  a 
polyester  resin  binder  reinforced  with  a  chopped  glass  roving 
and  modified  with  inert  fillers.  Compression  molding  Is  per¬ 
formed  in  a  460  ton  press  (Brie  Engine  and  Machine  company), 

A  single,  steam  boated  cavity  of  a  hardened,  chrome  plats 
steel  is  used. 

These  pieces  were  not  made  to  obtain  physical  properties, 
but  to  show  what  molding  conditions  and  techniques  were 
required  to  yield  a  uniform  product,  eliminate  flow  knit  linos 
resin  segregation  by  pressure  flow,  glass  clumping  and  booking 
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Testa  of  this  nature  are  all  evaluated  visually  and  no 
physical  tests  of  the  pieces  were  nv  Nose  cones  must 

be  tested  in  a  high  temperature  gas  atream,  This  type  of 
facility  is  not  available  so  such  tests  were  not  made. 
Physical  tests  were  not  made  on  these  pices  since  they 
should  be  made  in  environmental  equipment,  which  results 
in  partial  destruction  of  these  pieces.  Since  additional 
pieces  -are-not-  made  -specif  ical-ly-f  or  teatingandaince-the 
prime  purpose  was  to  demonstrate  the  molding  technique, 
physical  tests  were  not  obtained. 

V.  4.1.  Description  of .  the  Moldlng_Procedure 


We  concluded  that  plasticity  of  the  molding  formulation 
would  be  critical  in  the  successful  use  of  a  glass  flake 
premix  in  this  mold.  During  molding  of  the  part,  the  charged 
pramix  molding  compound  was  forced  to  flow  from  the  hemi¬ 
spherical  section  of  the  mold  in  an  upward  pattern  to  form  a 
cylindrical  wall.  Our  experience  with  the  plasticity  and 
flow  values  of  glass  flake  premixes  indicated  that  50%  to 
65%  glass  flake  oontent  would  be  appropriate.  The  70%  glass 
premix  would  have  been  too  "stiff"  to  obtain  proper 
Prior  commitments  for  this  mold  limited  our  program  t<  -ha 
production  of  five  parts*  One  nose  cone  was  formulated  with 

a  calcium  carbonate  filler  added  to  control  resin  flowj  the _ r_ 

jo^erfourwareformuiated-fromrfteihmdelass-flake . 

exclusive ly , 


The  procedures  used  for  all  five  nose  aones  depicted  in 
Photograph  49  were  similar  except  for  curing  times.  The 
molding  conditions  are  tabulated  in  Table  67.  In  all  cases, 
the  weighed  premix  charge,  3000  grams,  was  charged  into  the 
preheated  mold.  After  the  recommended  curing  cycle,  it  was 
necessary  to  cool  the  mold  to  room  temperature.  Our  trials 
showed  that  closing  the  press  under  the  full  pressure  resulted 
in  excess  resin  flow  from  ths  part  and  the  appearance  o£  res in- 
starved  areas  in  the  final  parti  These  dry  areas  also  produced 
mold  sticking  and  several  molded  parts  could  not  be  removed 
without  fracture.  The  application  of  a  pressure  of  200-250 
tone  to  close  appeared  optimum  for  the  resin  formulation 
used. 


V.  5.  Test  Ablative  Nose  Cones 


This  configuration  as  shown  in  Photograph  50  consists  of 
a  cone  3-1/2  "  In  diameter  at  the  base  and  3-3/4"  over-all 
height.  This  nose  cone  is  used  to  screen  new  plastic 
composites  for  ablation  properties.  The  cone  is  solid  but 
has  a  1/2"  diameter  by  3/4"  deep  hole  molded  in  the  center  of 
the  base. 
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V.  5.1.  Description  of  the  Molding  Procedure 

The  cone  mold  consisted  of  a  three  piece  hand  mold. 
After  each  cycle  the  mold  was  removed  from  the  press  and 
disassembled  to  recover  the  part. 


A  preweighed  charge  of  375  grams  was  used  to  mold  each 
part.  Molding  data  is  presented  in  Table  68, 

Plow  patterns  similar  to  those  found  in  the  nose  cone 
and  fin  were  evident  in  the  finished  ablative  cone.  Areas 
of  resin  rich  or  glass  rich  appearance  attest  to  difficulties 
in  controlling  resin  flow,  a  problem  which  must  be  resolved 
by  formulation  modification  dependent  upon  die  and  mold 
design. 


V.  6«  Socket  Exhaust  Nozzle 


The  rocket  exhaust  nozzle  is  a  truncated  cone  2-1/2" 
high  with  base  dimensions  3-3/4"  O.D.,  2-3/4"  I.D.  (1/2" 
walls),  top  dimensions  2-1/2"  O.D.,  1-1/2"  l.D.  (1/2"  walls) 
The  molded  unit  weighs  approximately  275-300  grams  and  is 
molded  in  a  match  metal  mold  mounted  in  a  190  ton  Eemeo 


(4,&"  piston)  compression  press.  A  single  steam  heated, 
-aav&ty-  iitaeT  was ~ r  ubbOT  ~ 


"  A  new  maid  was  installed  the  evening  beffdre  the  glass 
flake  melding  run  was  performed.  Two  units  were  fabricated 
with  Scotchply  liOO  (Minnesota  Mining  &  Manufacturing 
Company  reinforced  premixed  compound)  the  morning  of  the 
trial  runs  to  establish  some  molding  parameters  with  a 
commercial  premix  system. 


# 


V.  6.1,  Description  of  Molding  Procedure 

The  female  cavity  is  mounted  on  the  bed  of  the  Eemeo 
press  and  the  male  match  metal  portion  on  the  movable 
compression  bed.-  Wet  B-staged  resin-flake  systems  were 
molded  as  follows*  the  weighed  premix  charge  was  placed 
into  the  preheated  mold  cavity.  She  mold  was  closed  rapidly 
until  in  contact  with  the  glass  flake-rosin  system  then 
closed  slowly  (1-5  seconds)  until  fully  seated.  Cure  times 
ranged  from  5-24  minutes,  the  most  effective  range  being 
5-8  minutes.  Molding  temperatures  ranged  from  265-295°F. 
Molding  pressures  ranged  from  15-70  .  s. 
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As  noted  earlier  in  this  report,  Phase  II  work  was  continued 
during  progression  of  Phase  III.  Since  good  results  had  been 
obtained  with  flat  laminates  from  calendered  sheet,  a  decision 
was  made  to  attempt  to  tae  this  material  in  the  molding  of  a  more 
complex  part. 

_ B-s.taged  or ientad--( calendered) -epoxy -glass-sheets  were'"Rre>ldCd  “as“ 

follows*  the  flat  rigid  sheets  cut  into  rectangles  2”  x  4"  were 
weighed  and  placed  in  a  dielectric  heater  for  30  seconds.  The 
warm  pliable  sheets  were  removed  from  the  dielectric  heater  and 
bent  to  fit  the  female  mold  curvature.  The  mold  was  closed  and 
cured  as  before. 

The  series  of  rocket  exhaust  nozzles  were  produced  from  glass 
flake  reinforced  premixes  based  on  polyester  and  epoxy  resins. 

Two  glass  flake  contents,  50%  and  70%,  were  chosen  for  these  teat 
moldings.  Problems  with  uncontrolled  resin  flow  yielded  parts 
with  visible  flow,  check  or  knit  lines.  The  parts  produced  in 
the  polyester  resin  based  systems  were  of  much  poorer  quality  than 
the  epoxy  based  parts.  The  epoxy  units  exhibited  only  one  or  two 
flow  lines,  otherwise,  had  generally  acceptable  visual  quality, 
v'o  processing  difficulty  was  experienced  and  excellent  orientation 
and  mold  contour  was  obtained.  The  individual  molding  parameters 
are  presented  in  Table  69.  Photograph  51  shows. the  nozzles. 

It  13  TtSllmvetd  fchat”euperior  exhaust  nozzles  could  be  molded 
with- glass  flake  prem ixes  if  a  resin  flew  fatardant  svcb  as 
asDastos  were  incorporated  into  the  blend.  The  use  of  dielectrically 
heated,  precriented,  calendered,  u-stage  sheets  for  compression 
molding  c€  complex  curved  shapes  was  found  to  be  practical.  The 
two  molded  rocket  exhaust  nozzles  molded  from  sheet  materia*  were 
(visually)  superior  to  the  molded  units  produced  with  bulk  resin- 
flake  systems.  Flow  lines  and  disorientation  are  minimized  in  the 
molded  unite.  Ideally, the  preweighed,  dielectrically  heated 
pliable  sheet  should  he  wrapped  around  the  male  plug. 

Photwij i-ep’u  52  is  a  composite  photograph  of  nine  rocket  exl-unt 
nozzles. 

V.  7.  F.lectronlc  Gate 


In  Photograph  53,  electronic  gate  assemblies  fabricated  by 
transfer  molding  glass  .."lake  reinforced  premixos  are  pictured.  Two 
resin  binder  systems,  (polyester  and  epoxy)  were  used  in  the  prepar¬ 
ation  of  these  pai  ts ,  'This  part  is  used  as  a  plug-in  type  device 
for  a  computer,  Electronic  components  may  be  wired  directly  on  the 
part  giving  it  a  flexibility  equivalent  to  3  or  4  different  elec¬ 
tronic  functions.  Commercially,  diallyl  phthalate  la  being  used 
as  the  molding  material. 
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A  hand  mold  was  used  in  fabrication  of  this  part.  The  mold 
was  constructed  of  three  pieces;  a  transfer  ram,  and  two  matching 
cavity  plates  containing  the  cylindrical  transfer  pot.  Fifty  gramB 
of  the  premix  is  charged  into  the  cylindrical  transfer  pot. 
Thereafter,  the  transfer  ram,  a  matched  cylinder,  having  an  out¬ 
side  diameter  3-4  thousandths  less  than  the  transfer  pot,  is 

-inserted-  in-tha  -  transfer-  pot_above_the_char.ged_  material , _ The_presB_ 

is  closed,  exerting  pressure  on  the  transfer  ram  and  material  in 
the  pot.  The  pressure  "transfers*1  premix  from  the  pot  into  the 
mold  containing  the  cavity  and  metallic  insert.  After  curing  is 
complete,  the  mold  is  removed  from  the  press,  cooled,  and  dis¬ 
assembled  to  remove  the  part. 

Table  70  contains  curing  and  formulation  data  for  the 
transfer  molded  gatea.  Photograph  53  shows  six  of  the  experi¬ 
mentally  fabricated  units  molded  from  glass  flake  premixes. 

Vi  -8. _ Electronic  Bridge 

The  success  experienced  in  moldinn  the  electronic  gate 
assemblies  led  us  to  attempt  molding  a  more  complex  electronic 
part.  Again,  transfer  molding  techniques  were  employed,  this 
time  using  completely  automatic  presses  and  dielectrically  heated  . 
preforms.  The  particular  part  was  &  6"  x  6"  x  1/4"  thick  frame 
molded  ar  ound  46  metallic  pXh~€ypa~irh  e  r  t  s  as  shown  Th  Photo-' 
grSpTi  ~  '  '  ~  '  ~ 

Thr  part  on  the  left  in  rhotOgraph  54  is  "as  molded"  prior 
to  removal  of  excess  material  from  the  center  of  the  frame.  The 
part  on  the  right  is  the  finished  part.  A  preheated,  preformed 
charge  is  molded  perpendicular  to  the  plane  of  the  frame.  The 
charge  flows  from  the  center  of  the  mold  into  four  large  runners 
which  are  parallel  to  the  plane  of  the  frame  shown  in  Photograph 
54.  The  charge  divided  into  four  parts  by  the  separators,  flows 
through  a  1/32"  thickness  gate  -  and  forms  the  perimeter  of  the 
frame . 

For  thiu  application  an  inert  filled  glass  flake  premix 
based  on  an  epoxy  resin  was  chosen  because  of  flow  and  surface 
appearance  requirements.  A, series  of  B-stage  preforms  1-1/2"  in 
diameter  by  3/4"  tnickness  were  prepared  for  use  in  moldinq  the 
part,  These  preforms  were  dielectrically  preheated  to  2S0dF. 
to  provide  required  flow  and  shortened  curing  times.  (A  mineral 
filled  phenolic  is  being  used  to  mold  this  part  commercially.) 

Complaints  have  arisen  in  the  field  because  of  part  breakage. 
The  flexural  strength  of  the  glass  flake  molding  should  exceed 
that  of  the  mineral  filled  phenolic  (11,000  psi). 

Formulation  data  and  curing  parameters  for  this  part  appear 
in  Table  71, 


i 


Transfer  Molded  Electronic  Fr ane 


Preheat  Tima,  Seconds 

30 

Preform  Temperature,  °F. 

250 

Mold  Temperature,  °p. 

280 

Mold  Clamp  Pressure,  Tons 

70 

Transfer  Pressure,  psi 

300-500 

Mold  Time,  Minutes 

6-15 

Formulation 1  Parts 

Jomss-Dabney  Epi-Res  510 

75 

Jones-Dabney  Epi-Res  504 

25 

Shell  Curing  Agent  Z 

20 

Fillers! 

Glass  Flake,  wt.  % 

.  25 

Asbrottre  7TJr~~r":  . 

10 

‘aleitas-  tfarbcnats  ------  20 


Clinco  Black  Epoxy  paetr  a 

Resin  Content- „  wt.  %  43 

Note » 

Molding  equipment  1  Stokes  model  727-1  automatic 

transfer  mold*  press 

Preheater  *  3  1/2  Xw  "Thermall"  dielectric  preheater 
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Mold  reproduction  of  the  glass  flake  premix  filled  with 
"inerts"  was  excellent.  Surface  gloss  waB  identical  to  the 
phenolic  molded  parts.  Delamination  was  noted  around  the 
metallic  inserts  at  the  four  corners  of  the  part.  This  was 
due  to  Blight  sticking  of  the  part  during  ejection  from  the 

— press,-as  a  -result-of-minimizing-  curing-times  -in-the-mold.- - - 

Parts  were  produced  at  curing  times  of  6  and  8  minutes.  Parts 
cured, at  15  minutes  -  1/2  hour,  normal  for  the  epoxy  formulation, 
should  have  exhibited  improved  quality. 

The  physical  properties  of  the  glass  flake  reinforced  pramix 
used  to  mold  the  multi-insert  electronic  bridge  frame  were  deter¬ 
mined  on  a  flat  laminate  molded  at  Olin.  These  properties  are 
presented  in  Table  72,  The  flat  laminate  was  molded  in  the 
7"  x  7"  mold  using  the  following  conditions t  temperature,  250°Ff 
pressure,  2500  pair  time,  one  hour,  No  dielectric  preheating  was 
used  prior  to  compression  molding  in  the  Wataon-Sti liman  press. 

The  resin  was  S-atagad  overnight  and  stored  in  a  dry  ice  chest 
prior  to  molding, 

V,  9.  Conclusions 

Phase  IIT.of  the  subject  contract  required  the  fabrication 
of~at  least  six  aomplex/Tconf'igvrratlons  from  glass  flake  jpreniixes 
using  the  'mbs  tapp  Ilcabla  TaBricaT:  I  on'  me Fh  o<1  as  determined  Trorr 
our  previous  stuale*  in  Phfttt.  lX-A  and.  Il.rp,  ...  _  - 

Subcontracted  work  of  Phase  III  of  the  contract  was  completed 
upon  the  successful  molding  of  rocket  exhaust  nuzzles  by  the 
subcontractor.  The  units  were  molded  in  50%  and  70%  glass  concen¬ 
trations  in  both  a  polyester  and  epoxy  based  premix  system.  The 
70%  content  system  produced  parts  which  exhibited  resin  starved 
sre?1' , 

The  configurations  molded  at  subcontracted  facilities 
included  a  missile  stabilizer  fin,  practice  nose  cone,  ablative 
test  nose  cone,  windshield  insert,  electronic  gate  assembly, 
electronic  frame  and  rocket  exhaust  cone. 

Photographs  55  and  56  are  composites  of  the  simple  and  complex 
shapes  which  have  been  molded  under  this  contract,  table  73  lists 
all  the  complex  shapes  molded,  the  molding  process  and  resin 
systems  used. 

The  compression  and  transfer  molding  of  glass  flake  premixes 
performed  in  this  phase  of  the  program  have  exhibited  excellent 
moldability ,  The  parts  were  not  optimum  since  time  was  not  taken 
to  optimise  formulation  to  die  design  and  production  curing  cycles. 
There  is  indicated  by  the  results  of  these  studies  that  a  potential 
for  glass  flake  premixeo  as  a  molding  material  does  exist.  It  is 
important  to  consider  this  material  when  parts  ore  required  to  have 
exceptional  properties  as  well  as  good  strength. 


Table  11 


Properties  of  Resin  Used  In  Multi-Insert 
-  - . . Electronic  -Bridge - 

I*od  Impact ,  Ft.  Lbs. /In.  Notch  0,28 

TenBila  Strength 

3 

a.  Strength«  pel  x  10  8.2 

b.  Elongation,  %  •  .56 

c.  Modulus,  pai  x  106  1.55 

Flexural  Strength 

a.  Strength,  pat  x  10J  14_.7 

b.  Modulus,  psi  x  105  9.41 

Compression 

a.  Strength,  psi  x  104  2,64 

to.  Modulus,  psi  x  105  7.43 


Composite  of  Simple  :jajncjjf. Complex  Molded  Shapes 


Polyester 


The  major  drawbacks  encountered  in  molding  were  excessive  resin 
flow  and  disorientation  of  flakes.  Both  of  these  defects  can  be 
overcome  by  tailored  compounding  of  the  premix  formulation.  Table  74 
compares  the  strength  of  various  commercially  available  premix 
materials.  It  can  be  seen  that  glass  flake  premixes  compare  favorably 
with  most  of  the  representative  premix  systems  listed.  . 

_ Laminates  reinforced  with  glass  f lake  have  been  prepared  with  a 

variety  of  resin  systems.  The  epoxy  resin  laminates  have  shown  the 
highest  strengths,  but  properties  have  not  equalled  target  values  o£» 

1,  Compression  strength  55,000  psi 

2,  Flexural  strength  45,000  psi 

3,  Tensile  strength  25,000  psi 

Thin,  flat  laminates  of  controlled  flake  orientation  prepared  by 
the  two  developed  mixing  methods  have  shown  properties  in  the  range 
of  target  values. 


In  all  cases  where  thicker  laminates  of  complex  molded  shapes 
have  been  prepared,  using  wet  premixes  or  B, -staged  preforms  of  wet 
premixsa,  a  degraded  laminate  strength  has  resulted.,-  This  phenomenon 
is  due  tc  the  uncontrollable  flow  of  premix  material  within  the  mold 
of  any  complex  shape.  During  flow  of  the  premix  in  the  mold,  turbulent 
flow  tikes  place,  disrupting  the  parallel  orientation  of  the  glass 


f lt*ko without  ||fsfiMEiakn  parallel  or ientation,  strength  properties 


moldings  with  epoxy  biudei'  ha va  tensile  and  flexural- atr eng ths  — ■ 
dSe-thixa  of  the  timn  omo  flexural  strengths  of  oriented  material. 


These  res-.!  -  emphasize  that  glass  flake  reinforced  plastics 
should  not  be  .icred  ns  a  replacement  for  glass  cloth  or  fiber 

reinforced  composites.  The  tonsils  and  flexural  strength  of  flake 
moldings  tested  ore  only  approximately  .1/2  of  the  corresponding  glass 
cloth  reinforced  tensile  and  flexural  strengths . 


uv:  glass  flake  reinforced  plastics  should  be  considered  as  a 
premix  molding  Compound  for  the  production  of  compression  and  transfer 
molded  parts  for  missile  and  Aircraft  hardware.  Out  studies  illustrate 
that  the  premixes  have  excellent  flow  characteristics  in  complex  molds, 
such  as  the  missile  stabilizing  fin.  As  n  pramtx  molding  comnovmd, 
glass  flake  reinforced  plastics  have  physical  properties  which  can  be 
favorably  compared  with  characteristics  of  a  great  numUvr  of  premix 
molding  compounds.  The  physical  properties  of  a  variety  of  premix 
compounds  that  have  been  used  or  screened  for  uao  in  production  of 
compression  or  transfer  molded  missile  hardware  were  liBted  in 
Table  74.  The  advantage  in  flexural  modulus  gained  by  using  glass 
flake  reinforced  plastics  should  be  noted  as  one  of  the  outstanding 
characteristics  of  glass  flake  reinforced  composites.  The  tensile 
modulus  of  glass  flake  composites  is  also  higher  than  almost  all 
premix  molding  compounds  regardless  of  filler  type. 


It  should  be  noted  that  two  of  the  glass  flake  moldings  chosen 
for  Table  74  represent  maximum  strengths  obtainable  for  moldings 
prepared  from  Abbe,  c_  wet  mixing,  premixes  and  for  moldings  prepared 
from  dr,  olended  premixes. 


As  discussed  In  the  report,  complex  molded  shapes  reinforced 
with  glass  flake,  such  as  the  missile  fin,  do  not  possess  the 


strengths  of  the  same  material  in  simple  flat  sheets.  This  re¬ 
duction  In  strength  in  complex  shaped  pieces  is  common  with  other 
reinforced  plastics  systems. 


APPENDIX  A 
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fas  of  mart  Fillers  Combined  with  Glass  Flake  Premlxes 


It  has  been  apparent  that  the  glass  flake  laminates  will 
exhibit  optimum  physical  properties  only  when  the  flakes  are  highly 
oriented  and  a  minimum  resin  binder  thickness  haa  been  obtained. 

Parallel  flake  alignment  in  a  molded  part  even  when  preoriented _ 

B- staged  preforms  are  used,  will  be  difficult  to  obtain  in  all  but 
simple  flat  or  simple  curved  pieces,  A  substitute  for  the  preoriented 
preforms  desirable  to  the  molding  industry  might  be  a  molding  powder 
or  premix  molding  compound  which  could  be  used,  to  mold  any  part* 

Ibis  material  could  result  in  considerable  reduction  In  processing 
costs.  In  the  cases  where  simple  shapes  of  high  strength  would  be 
required,  the  process  of  molding  preoriented  sheets  would  be  feasible 
but  at  higher  cost, 

1.  Experimental . 

investigations  were  made  of  the  use  of  inert  fillers  with  glass 
flake  as  a  method  of  reducing  the  cost  of  the  molding  compound  yet 
retaining  physical  properties.  The  use  of  then®  fillers  1b  widespread 
throughout  the  reinforced  plastics  industry  for  three  major  reasons j 

a flower r  coirt of  reducing  “  -=i 

lent#}  »  .Tsss&fry 

_  ‘Tl0r  -i  ir  i*.  *"  rl  *"  '  "  ' 

-rbime  Ig^aing^i^gsa^content-y-^d  . '  ~  ' :  ~  ‘  ' 

. app«arar^:-B4id^:textU^t  ^ 

resistance,.  Jj»_  the  mold. _ —  ‘ - - - 

Compression  molding  of  formulations  prepared with  calcium 
carbon n re (surfex  mm-Diamond  Chemical  Company)  and  titanium  dioxide 
(National  Lead  company)  had. an  excellent  molded  appearance.  Tensile 
values  wars  obtained  for  both  sheets,  (Average  values  are  presented 
in  Table  A.\, )  Tensile  values  for  a  4Q?4  glass  Content  with  fillers 
are  higher  than  the  values  for  Othal  laiulndiea  ul  b^;bu  from  Abb 
premlxes  containing  only  40ft  glass.  These  remits  show  the  feasi¬ 
bility  of  using  a  pigment  filled-  glass- flake  molding  formulation  for 
a  general  purposo  or  premix  molding  compound  where  very  high  material 
strength  would  not  be  a  critical  requirement;  e.g»,  heater  ducts  for 
aircraft.  The  material  has  a  stiffness  advantage,  in  that  its  tensile 
modulus  is  equivalent  to  other  fiber  glasB  reinforced  polyesters  and 
epoxy  laminates  containing  the  same  or  slightly  higher  glass  content, 

2,  Conclusions 


The  use  of  fillers  is  feasible  and  produces  premised  glass  flake 
materials  suitable  for  use  as  commercial  filled  resin  premixed  systems 
The  development  of  this  phase  of  the  glass  flake  "art"  will  be  as 
difficult  as  the  development  of  other  epoxy  ard  polyester  premixed 
systems.  The  number  of  potential  inert  or  reinforcing  fillers  is 
great  and  the  effect  of  each  one  or  combinations  of  fillers  upon 
physical  properties  will  have  to  be  determined  if  the  material  is 
to  be  successfully  used  commercially. 


APPENDIX  B 


Tough  Plastic-Glass  Flake  Laminate 

The  objective  of  this  study  was  to  combine  Olin's  tough  plastic 
resin  system  with  gloss  flake  in  an  attempt  to  incorporate  the 
observed  high  impact  strength  characteristics  of  tough  plaBtic 
formulations-wi-th'high  -tensile- strengths -of-glasB-xeinforcement, _ _ 

1.  Experimental 

During  the  mixing  of,  the  highly  viscous  resin  with  the  glass 
flake,  poor  flaks  wet-out  was  encountered.  Although  a  50  per  cent 
resin  binder  was  used,  the  high  viscosity  of  the  resin  system  pro¬ 
duced  a  mixing  similar  to  the  mixing  action  encountered  When 
processing  a  70/30  glass  fluid  epoxy  resin  mixture.  After  a  20  minute 
mixing  time  in  a  Ross  laboratory  mixer,  the  glass  flake  appeared 
almost  uhcoated.  The  molded  9x9  sheet,  however,  had  an  acceptable 
appearance  and  tensile  and  Impact  strength  values  vhich  are  shown  in 
Table  Bl,  The  values  were  slightly  higher  than  those  obtained  with 
unfilled  Tough  Plastic, 

/  Lam  in  r,  tee  containing  70  per  cent  glass  flake  should  yield  higher 
strength  end  modular  values  than  can  be  realized  with  the  50  per  cent 
glass  flake  mixtures.  The  50  per  cent  class  flake  mixture  laminates 

anticipated  high  tensile  and  impaet~i¥i:eng ur  va  luSl  'CDflia  bur realized  — - 
with  the  70  per  cant  glass  flake  ffiartsnt  liming  it  may  be  worthy  - 
of  consideration  as  a  material  of  construction  fat  recoverable  * 

experimental  rocket  none  cones. 


APPENDIX  C 


Description  of  Test  Methods 

1.  Tensile  Properties  of  PlastiCB 

a.  Scope 


Ihe  test  used  w«-a  in  accordance  with  Federal  Specification 
Method  LP  406  mlOll  (ASTM  D638-58T) .  This  method  is  intended  for 
use  in  determining  the  comparative  tensile  properties  of  plastics 
in  the  form  of  test  specimens  of  standard  shape  tasted  under  defined 
conditions  < 

b.  Apparatus 

Testing  was  performed  on  a  Tiniue  Olsen  Plastivarsal  machine 
with  a  20 i 000  lb,  capacity,  equipped  with  %  type  U-l  and  S-2 
Tinius  Olsen  strain  instrument  and  recorder. 

c.  Test  Specimens  .  i 

Test  specimens  for  this  tensile  test  were  cut  with  a  band  saw 
from  the  9  x  9  or  7  x  7  inch  cured  laminated  sheets.  Originally, 
the  dimensions  o£_the  tensile  strips  cut  from  the  cured  laminated 
sheets  ware  3/4 M  in  width  x  9"  .total'  length.  The  3/4  x  9  inch  stripe  — 
were  then  nu.-hin««i  into  tlte' required' R5TM  shape  using  n 

equipped  with  a  diamond  plated  Cutter .  During  earlier  tensile 
testing,  it.  was  noticad  that  the  tensile  strips  were  not  filling  J 

within  the  prescribed  gauge  length  of  the  aiwc^en.  Thereafter,  the 
swmple  width  was  increased  from  3/4"  to  1",  At  this  time,  the  1"  wide 
sample  strip  appears  to  bo  giving  satisf  ctory  results  inside  the 
gauge  length  breakages. 

-■  d.  Procedure 

as  dictated  in  the  specif ioation  method,  the  rate  of  head  travel 
of  the  testing  machine  was  ,05  inches  per  minute  during  the  entire 
teotr  During  the  test,  elongation  of  the  sample  was  measured  with 
the  type  U~1  Tinius  Olsen  strain  instrument  and  recorder.  All 
specimens  were  tested  in  the  direction  perpendicular  to  molding 
pressure  and  para 1 lei  to  flake  direction. 

e„  calculations 

The  tensile  strength  of  the  sample  was  calculated  by  dividing 
the  maximum  or  breaking  load  in  pounds  by  the  original  minimum  cross 
sectional  area  of  the  specimen  in  square  inches.  The  tensile  elastic 
modulus  was  calculated  by  producing  the  initial  linear  portion  of  the 
stress-strain  curve,  selecting  any  point  on  the  straight  line  thus 
drawn,  and  dividing  the  tensile  stress  (nominal)  represented  by  the 
point  by  the  corresponding  strain  at  the  same  point. 


2.  Flexural  Properties  of  Plastics 
(ASTM  D79Q-48T)  (LP  4Q6B,  ml031) 

a.  Scope 

This  method  was  performed  in  accordance  with  Federal  Specifi¬ 
cation  LP  406B,  ml031  (ASTM  D79Q-48T) .  This  method  covers  the 
procedure  for  determining  the  flexural  properties  of  rigid  plastic, 
materials.  "  ' 

b.  Apparatus  —  ■ 

_  \ 

The  Tinius  Olsen  Flatstlversal  machine  and  a  Tinius  Oleon 
ASTM  Standard  Flexural  Test  Jig  were  uaed  for  these  tests.  The 
type  U-l  Tinius  Olsen  Strain  instrument  was  used  to  record  the 
loas  deflection  curve  of  the  Sample  during  testing. 

,  {•  -  ■  -  -  - 1  -  -  •  ’ -  — -  -  -  •  .  _  — 

c.  procedure 


'  >  The  rate  of  head  travel  of  the  testing  machine  unler  load  was 
not  greater  than  .05  inches  per  minute  during  the-test.  A  Tinius 
Olsen  U-l  extensometer  was  usad  to  measure  deflection  of  the  sample 

during  testing.  All  specimens  were  tasted  in  this  direction  - 

perpendicular  to  flake  orientation,  i.e. ,  normal  to  the  laminate 
surface.  .  •  !  .. 


the  following  formula! 


L*  WS8 . Qfl 


where  a  ■  maximum  fiber  stress  in  pounds  per  square  inch 
P  -  breaking  load  in  pounds 
L  «  distance  between  support  in  inches 

B  “  width  of  beam  tested  in  inches 
D  ^  depth  of  beam  rested  in  iuenet 

e.  Modulus  of  Elasticity 

The  modulus  of  elasticity  of  material  tested  was  calculated 
from  the  following  formula: 

B  ,  -lL  ill 


where  E„  =  modulus  of  elasticity  in  bending, 
pounds  per  square  inch 

1.  =  distance  between  points  of  support,  inches 
B  =  width  of  beam  tested,  inches 
D  =  depth  of  beam  tested,  inches 

p 

—  ®  slope  of  initial  straight  line  portion  of 
load  curve,  pounds  per  inch  deflection 


I 
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3,  Compressive  Proper ties  of  Plastics 

a.  scope 


This  test  was  performed  in  accordance  with  federal  Specification 
LP  406b,  m!021  (ASTM  D693-56) , 


This  method  provides  procedures  for  the  determination  of  the 
mechanical -propertiee-of-  rigid  -pl3Btit:s^whw  ltiSdecI "ini”  comprasaion 
at  relatively  low  uniform  rates  of  straining  or  loading, 

b.  Apparatus 

The  20,000  lb,  capacity  Tinius  Olsen  piaativeraal  machine  was 
used  with  a  Tinius  Oloan  standard  ASTM  compression  tasting  Jig. 

The  u-1,  separable  oxtensometor,  was  used  to  measure  deflection  of 
the  sample  during  compression  loading. 


c.  Teat  Specimens  • 

For  those  samples,  specimens  1  x  1  inch  x  the  sample  thickness 
were  cut  from  the  laminate  sheet  with  a  band  saw  and  then  finished 
on  the  "Tonsil-kut"  machine  to  assure  parallelism  of  all  edges. 

The  no  name  1x1  inch  x  sample  width  thickness  samples  were  used  In 
o  ngn -standard  edgewise  testing  procedure. The  1  x  1  inch  sample 
vnu  chosen  boc^uas^^tie  comprasaibn  test  jlg^did  not  allowferverttgal  •  ^ 
support  of  these. aaroPla*~dur4ng  teffMaargrr. .  9* — 

~co,MyrerjH3on  sample  would  not  permit  compression  loading  of  the  j 

oc.mplc  without  .bending,  ■  --^^=======- 

d.  Procedure 


in  accordance  with  the  test  method,  the  cross  head  speed  was 
,05  inches  per  minute.  Specimens  were  tested  perpendicular  to  the 
piano  of  molding  pressure  and  parallel  to  flake  direction, 

o ,  Calculations 


The  compressive  strength  was  calculated  by  dividing  fcb«*  maximum 
compressive  load  carried  by  the  specimen  during  the  test  toy  the 
original  cross  sectional  area  of  the  specimen*  Tha  elastic  modulus 
was  calculated  by  drawing  a  tangent  to  tha  initial  linear  portion  of 
the  stress-strain  curve,  selecting  any  point  on  the  straight  line, 
and  dividing  by  the  compressive  stress  (nominal)  represented  toy  the 
point  by  the  corresponding  compressive  strain  represented  by  the 
same  point. 


4.  Standard  Deviations 


The  standard  deviations  of  test  results  were  calculated  using 
the  following  formulas 

yGd-inl 2 

n-l 


<T  m 


where  <f  =  standard  deviation 

x  «  value  of  a  single  observation 
x  =  arithmetic  mean  of  a  set  of  observations 
n  =  number  of  samples  tested 


D 


5,  I sod  -  Impact  Prop- ""ica  ur  ..Plastics 

a.  Scope 


This  method  is  designed  for  vise  in  determinin'.)  the  relative 
susceptibility  of  plastics  to  fracture  by  shock  as  indicated  by 
the  energy  expended  by  a  standard  pendulum -type  juipan;  machine  in 
breaking  a  standard  specimen  in  one  blow* 


b.  Apparatus 


A  Tiniua  Olsen  Changeomatic  Cantilever  beam,  pendulum- type 
impact  tester  was  used  for  all  testing,  - 

c,  Test  Specimens 

Test  specimens  were  cut  from  the  original  laminate  by  use  of 
a  band  saw.  These  specimens  were  subsequently  finished  to  a 
1/2  inch  x  2  1/2  inch  x  sample  thickness  using  «  belt  sender,  a 
45®  notch  0.10  Inch  deep  was  cut  into  the. sample with  a  milling 
cutter'.  The  hitch  was  in  the  side  of  the  .  mol^d  sheet  parallel 
to  the  direction  of  molding  pressure. 


d.  Procedure 


in  accordance  with  the  specified  teat  method,  the  sample  is 
plsesvd,  An  a  vfgewlththencTtehfacing  the  pendulum,  The:;pejtgu3:ui)i 


acturcs-  tmr  satipit  sr.vaTSXSi'idS' 


the  amount  of  inch-pounds  expended  In  the  fracturing  process. 


e.  Calculations 


The  Iaod  impact  values  are  calr  iated  by  dividing  Um  value 
obtained  from  d.  by  12  times  the  sanvio  width,  Inches.  This  converts 

to  a  value  of  ft, -lbs,  per  inch  notch 

6,  Determination  of  Glasa  content  in  Cured  Laminate 


A  10-20  gram  sample  was  cut  from  the  original  laminate  end _ 
placed  into  a  beaker  containing  approximately  U0  DO  mm.'  of  fuming 
nitric  acid,  The  resin  wee  digested  for  a  par iod  c£  16-24  hours 
on  a  steam  bath.  At  that  time,  the  remaining  nitric  acid  and 
nitrated  renin  were  decanted  by  vrcuum  through  a  sintered  gloats 
funnel,  The  «oid  wet  glasa  flakes  were  then  rinsed  with  distilled 
water  several  times.  After  jt  waa  apparent  that.  traces  of  nitric 
acid  and  the  nitro  resin  compounds  had  been  washed  free  of  the 
glass  flakes,  acetone  was  then  used  to  remove  water  and  residual 
resin.  The  sintered  glass  funnel  and  Ur-  wot  glaaa  flakes  were 
then  dried  in  an  oven  at  250°f\  for  a  period  of  one  hour.  After 
this  drying  session,  the  glass  runnel  and  flakes  were  weighed  on 
an  analytical  balance.  The  glass  content  of  the  laminate  was 
determined  by  dividing  the  original  sample  weight  into  final  weight 
of  the  recovered  glass  flake.  This  method  has  been  used  for  the 
epoxy  binder  system  only,  A  modification  is  required  when  polyester, 
resin  binders  are  used.  It  now  appears  evident  that  the  silicone 
rosin  binder  system  will  have  to  he  ashed  in  a  muffl«  furnace  Cor 
glass  content  determination. 
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7,  Determination  of  Laminate  Density 
ASTM  LP  4068,  m5011 

a.  Scope 

This  method  is  designed  for  use  in  determining  the  specific 
gravity  of  solid  plastics  which  are  unaffected  by  water  (short 
term  exposure) .  _  _  _ 

b.  Apparatus 

An  analytical  balance  with  specific  gravity  bridge  was  used. 

c.  Teat  Specimens 

Specimens  no  larger  than  1/2  inch  x  1/2  inch  x  sample  thickness 
were  cut  from  the  original  laminate  sheet  and  drilled  for  suspension 
in  the  specific  gravity  bridge, 

d.  Procedure 


The  sample  is  weighed  in  air  and  then  in  distilled  water  at 
23°  +  1*-C. 


Flexural  Test  Dimension  as  a  Function  of  Laminate  Thickness 


Laminate  Thickness  Flexural  Test  Dimensions 


1/2  x  8  (or  7  if  7  x  7  sheet  used) 
1/2x6 
1/2X5 
1x4 

Any  samples  thicker  than  3/8  inch  are  milled  down  to  a  3/8  inch 
thickness  before  testing.  An  equal  amount  of  material  is  taken  off 
both  sides  of  the  laminate  so  that  the  3/8  inch  sample  represents 
the  middle  of  the  test  sample. 


o 

1/4 

3/16 

1/8 


3/16 

1/8 


Equipment  Ascribed  in  this  report  and  used  in  the  contract 
but  not  shown  in  the  text  of  the  report  is  Bhcwn  here  in 
— Photograph sDl~D8i - — — — — - - - - - 


9x9  Simple  Box  Molds  Shown  With 
Floating  Top  Plate 


Photograph 


Horizontal  Cen.tr i: 


01a3S  Flake  Tumbler 

(With  a  Glass  Flake  ~  Resin  Blend  Inside) 


I  *1 


7x7  Inch  Compression  Hold 


APPENDIX. 


Listed  herein  are  the  various  commercially  available  components 
of  resin  systems  screened  in  the  program  to  develop  economic  methods 
of  manufacture  for  glass  flake  reinforced  plastics. 


Source  of  Compounds  Used  In  aiastle 


BFi  -  Ethylamine  complex 
Ethylene  diamine 
Diethylene  triamine 
triethylene  tetr amine 
Tetra  ethylene  pentamine 
BLS  2680 
Unox  201 
Unox  206 

Unox  207  _ 

Unox  269 
ERLA  2255 
ERLA  2256 
ZZPA  0313 
'  BLS  3021 

BLS  2680  _ _  ' 


Harahaw  Chemical  Co,\ 
union  Carbide  chem,  Corp. 


BIhS  4xt&7  -  - - 

BRP  5090 

BRZ  7541 

ERLA  2772 

A-100  silane 

ERRS  01001 

1-2-6  Hexane  triol 

Haxahydrophthalic  Anhydride 

Phthalio  Anhydride 

Maleic  Anhydride 

Buueennyl  Succinic  Anhydride 

Methyl  Nadic  Anhydride - 

Meta  phenylene  diamine 

Epon  820 

Epon  828 

Epon  1031 

Epon  1001 

Epon  1007 

Shell  Z 

6301  Epotuf 

Epi  Res  502 

Epi  Res  504 

Epi  Res  507 

Epi  Rez  509 

Epi  Rez  510 

Epi  Rez  520 

Epi  Rez  522 

Epi  Rez  540 

Epi  Rez  560 


Allied  Chemical  Corp. 


Shell  Chemical  Co, 


Reichold  Chemical  Co. 
.Tones  Dabney  Co. 


Bpi  Cure  87 
Epi  Cure  854 
Epi  Cure  855 
EP4  Cura  852 

4-4  Diamino  phenyl  sulfone 
Paraplex  P-43 
DM P-10 

-DMP-3Q - - 

Dapon  35 

Emory  Trimar  Acid  3162D 
Araldite  6005 
MR  37CX  Polyester  Reain 
'Trimethylol  propane 
LP  3 
EM  550 

Hat  Anhydride  _ 

DEN  438 

Butadiene  dioxide 
Silicone  R  5581 
silicone  R  7321 
Silicone  R  3061 
DC-7147 
DC-7146 

Dicumene  peroxide  R  .  .  . 


Jones  Dabney  Co. 


Polychemicala  Labe,  Inc. 
Rohm  &  Haas  Co, 


Pood  Machinery  &  Chemical  Co, 
Emery  Industries,  Inc. 

Ciba  Products  Corp, 

Celanese  Corp. 

♦I 

Thiokol  chemical  Corp. 

H 

Hooker  Chemical  Co.  - t:— 1 

Dow  chemical  Co,  . 

Koppera  Company  .  —  . 

Doy  Corning  Corp. 


Herculea  Powder  Co 


Bwnsoyl  peroxide  : —  '  '  ' 

R  14009  Phenolic 
Oeon  121  (?vc) 

Omamid  C-288 
Omamid  T-590 
Laminae  Promotor  400 
Laminae  4128 
Vlbrln  1088-B 
Vibrln  156 

^AlllAnn 


Wallace  &  Tiernan-eOi  = 
Mnthe  eon  Cov,  inc-i  :'  -  -  -  --- 
Cadet  Chemical  Carp, 
Monsanto  Chemical  Co, 
Goodrich  Chemical  Co, 

Olin  Mathieson  Cham.  Corp, 

American  Cyanamid  Co, 

- -  t«  - -  “  -  - " 

Naugatuck  Chemical  Co. 

H 

Olin  Mathieson  Cham.  Corp. 
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